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PREFACE 


The purpose of this book is fivefold: 

To present to those who know nothing about 
Astronomy an easily comprehended epitome of 
present-day astronomical knowledge, avoiding 
as far as possible technicalities and mathe- 
matical statistics; 

To give a brief outline of the Mythology of 
the Heavens; 

To teach the beginner how to identify the 
constellations and the individual stars; 

To offer to the more experienced observer a 
practical field book conveniently arranged with 
a double system of charts with accompanying 
texts—one for naked eye and field glass work, 
the other for the small telescope; 

And last, but certainly not least, to stimulate, 
not only a general interest in astronomy, but a 
special observational work. 

Many readers of this book may be the for- 
tunate owners of small telescopes. (It may be 
well to point out that a good three-inch glass is 
not an expensive luxury.) Perhaps they have 
observed the heavens from time to time in a 
desultory way, and have grown rather tired of 
celestial sight-seeing, so that their instruments 
are left in idleness. It is not probable that 
these owners know that there is practical scien- 
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tific work that they can do—work that involves 
no obligation in either money or time, that is 
ceaselessly fascinating, and that is of very real 
value. If those who are willing to co-operate 
in the great work of astrophysical research 
will communicate with William Tyler Olcott, 
62 Church Street, Norwich, Conn., he will be 
pleased to outline for them this observational 
work, which is easy to do, and which will enable 
them to share in the advance of our knowledge 
of the stars. 

To sum up, then, the aim of this book is to 
furnish the reader with a good general knowledge 
of astronomy, with the hope that it will lead him 
to a deeper study, or, at least, induce him to 
undertake observational work which is of scien- 
tific value, is intellectually profitable, and is a 
source of continued enjoyment. 

If the book succeeds in any of these aims, the 
writers will be amply repaid for their endeavor 
to make the first steps in the study of Astronomy 
lucid and interesting. 


W 


EI. 
ЕМУР. 


Norwich, Conn. 
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SPECIAL NOTE. 


The sudden and untimely death of William 
Tyler Olcott on July 7th, 1936 has taken from the 
amateur astronomer his best and most helpful 
friend. 

He was the founder and continued for twenty- 
five years to be the guiding spirit of the American 
Association of Variable Star Observers which, 
under his leadership and through his untiring and 
intelligent efforts has grown from the original 
seven members to a world-wide organization and 
has won position and respect in the world of 
science. 

There could be no more fitting tribute to his 
memory than the enthusiastic continuance and ex- 
pansion of this valuable research which owes so 
much to him. 

Full information concerning this work may best 
be obtained now from Mr. Leon Campbell, Har- 
vard Observatory, Cambridge, Mass. 

RW. P. 


July, 1930. 
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“First of ail we assert that the universe is 
spherical; partly because this form, being a com- 
plete whole, needing no joints, is the most per- 
fect of all; partly hecause it constitutes the most 
spacious form, which is thus best suited to con- 
tain and retain all things; or also because all 
discrete parts of the world, I mean the sun, the 
moon and the planets, appear as spheres; or be- 
cause all things tend to assume the spherical 
shape, a fact which appears in a drop of water 
and in other fluid bodies when they seek of their 
own accord to limit themselves. Therefore no 
one will doubt that this form is natural for the 
heavenly bodies." From De Revolutionibus Or- 
bium Celestium, Nicholas Copernicus (1473- 


1543). 


WHY STUDY ASTRONOMY? 


“Why should I study astronomy? What use 
is it to те?” 

These two questions are, unfortunately, asked 
so often that it seems fitting to begin this book 
with answers to both. 

To the second question there is but one answer: 
“ОЕ NO USE! Тһе average person has never 
been able to turn to any practical use his ability 
to call a flower by name: to recognize a Beethoven 
theme, a harmony of Brahms, or a Schubert 
melody: to know that Raphael painted the Sistine 
Madonna, or to profit by his knowledge that a 
certain William Shakespeare wrote more or less 
good plays; or that the greatest epic of all time 
was dictated by a blind man to his daughter. We 
all know there is no practical use in such knowl- 
edge, yet we recognize its value, and spell that 
value with a capital V ; and, more than this, we all 
spend our time in trying to attain it, and our 
money in efforts to bring to our children the ad- 
vantages of that knowledge. 

The first question may be answered even more 
briefly: Don’t! unless you enjoy it. Without a 
special bent, study is trying work, and our friend 
the average man has, these days, enough work 
that must be done without adding it to unneces- 
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rarily. And, for his astronomical needs, study is 
not required. How many enthusiastic, happy and 
successful amateur gardeners: how many rapt 
listeners—millions since the advent of radio—who 
steep themselves in the glory of symphonic har- 
monies : and how many who have stood in wonder 
before the beauty of a painting, have ever studied 
the intricacies of botany, have ever attempted to 
master the mathematics of those harmonies, or 
have inquired into the mixing of the colors on the 
artist's palette, or the means of applying them? 
Do they lack an understanding enjoyment of the 
painting, of the flowers, or of the music? Quite 
the contrary, they, like the reader of astronomy, 
may hold an advantage over the student, who is 
prone to be betrayed by technicalities, (which are 
treacherous and terrible things) into tearing ruth- 
lessly from its shrine the true sense of beauty and 
rearing in its place a false idol. Too often, in- 
deed, the student—the technician—sees not the 
flower and its exquisiteness, but the way it has 
been grown; he hears not the music but only 
the mechanics of its composition; he sees not the 
picture but only the technique of the painting. 
In brief, the myopic worshipper of the technical 
usually cannot see the forest for the trees; he is 
so absorbed in method and detail that he is in- 
sensitive to the beauty and the reason of the whole. 
It is he who is responsible for the Picasso's and 
the Stravinski's of both art and science. 


It is a sad truth that astronomy has been, up 
to recent years, exploited by these technicians, 
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these so-called astronomers who have such narrow 
vision that facts and figures are all they can see 
of the heavens; to whom a night under the stars 
is unknown, and to whom a theory is anathema. 
They have written books—text-books, accurate 
dry-as-dust text-books—and the newspapers have 
made much of their horrid array of statistics and 
calculations until we have come to believe that 
astronomy is solely for the advanced mathe- 
matician. These books are necessary—as neces- 
sary as the book-keeping of the finances of a 
symphony society—but they have as little to do 
with the enjoyment of astronomy as has botanical 
dissection to do with the appreciation of the 
beauty of a rose, or the logarithms of the diapason 
with an understanding of music. And they have 
done great harm! They have turned mankind as 
a whole from the great majesty of the Cosmos, 
and have hedged in the human mind with the 
fear of figures. 

But at that, why should we be afraid of 
astronomical figures? Especially as we need no 
knowledge of them. We have but recently 
learned that even dollars can be spoken of in 
many billions, not as an academic possibility, but 
as a practical necessity. Translate the figures 
we have read of in our newspapers into cents— 
transpose the mileage from New York to Tokio 
into thousands of an inch—and we get figures 
which immediately approximate so-called astro- 
nomical distances, which convey nothing absolute 
to our minds. In other words, figures mean 
nothing! They are simply proportionate! We 
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are not afraid of the almost infinitely small, why 
should we be appalled at the almost infinitely great ? 
Each is simply relative to us and to our concep- 
tions, and actually neither has any true signifi- 
cance. If you think this is all sophistry, try this 
quickly: What distance is thirty-one million six 
hundred and eighty thousand inches? Doesn't 
mean much, does it? Does 500 miles convey a 
clearer conception? Well, that is what the 
astronomer does—he translates his figures into 
units of comprehensible length—light years and 
parsecs—which need not concern the amateur of 
astronomy any more than the many zero'd figures 
of the miles that these represent. All that the 
astronomer is interested in is the proportionate 
distances; that is all that need interest us; we 
certainly should not try mentally to change these 
distances into the local measurements with which 
we are more familiar; nor should we be aghast 
at the meaningless results if we do, for the fault 
is only of our own egocentric misconception. 

"But," you ask, *why should I bother my head 
about astronomy at all?" "There are many good 
reasons; two should suffice: education and recrea- 
tion. 

Without discussing the fact that knowledge for 
itself alone is worth while, it must be stressed at 
once that no one can rightly consider himself 
educated without having a grasp on the funda- 
mentals of astronomy. То be sure, this is not as 
widely accepted as it should and will be. The 
pattern-cut, free education that is handed out these 
days apparently accords more value to memorizing 
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the list of State capitals and details of Revolu- 
tionary battles than to an appreciation of man’s 
place in the Universe and the facts which may 
lead to a better understanding of the Great Scheme 
of things. Fortunately, this attitude no more 
affects the relative values in the scale of knowl- 
edge than the absurd court decision in Tennessee 
has made Evolution either false ог heretical. 
Fortunately, also, our standards of education are 
continuously rising; to our descendants, the 
general indifference of the “educated” of our 
generation to such an important subject will seem 
as incomprehensible as the inability to write and 
read upon the part of our "educated" ancestors 
seems to us. 

Fortunately, once more these fundamentals are 
simple to grasp. There are many books, all easily 
readable, that give with a deliberate avoidance of 
mathematics all that the average reader needs to 
know. It has been gratifying to find that this 
book has been considered worthy of a place among 
them. 

“But,” again you ask, “why should astronomy 
be considered necessary to education ?" 

Because it is the mother of all thought. 

It was Edwin Arnold who said: “Astronomy 
will eventually be the chief educator and eman- 
cipator of the human race.” We must disagree 
with this great writer only to the extent of the 
tense of his statement. Astronomy has been the 
chief educator and emancipator. We do not mean 
that it has finished its work—perhaps it has only 
begun—hbut it is on this fundamental science, the 
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most ancient, the most uncommercial, and. the 
most unselfish of all; involving the supreme and 
superlative manifestations of natural law, that all 
human Thought is based. 

Quite intentionally, Thought is spelled with a 
capital The instincts which kept the primitive 
human alive, the pursuit of food, the hunt for a 
drinking place, the search for a shelter, cannot 
properly be attributed to Thought. It was not 
until man began to wonder “why,” that his brain 
began in actuality to work. Now, who can doubt 
that the first cause of the eternal questioning that 
has stimulated mankind for countless centuries 
was the rising of the Sun? The great light giver 
swept up from the rim of the earth, and the fear- 
some time of blackness passed; the birds sang, 
and the mighty nocturnal beasts slunk to their 
lairs. Feeble man was safe, until the shadows 
began to creep and warn him that the time of 
light was over. Is it to be wondered that he 
attributed godhood to the supreme luminary, then 
later to the lesser one, the Moon, and then, still 
later, to the apparently countless stars? We have 
every proof that this was man's thought in the 
inceptions of his religions; and there is equal 
reason to believe that these were the beginnings of 
his Thought. 

From that early moment, the mental achieve- 
ments of man kept pace with—and now can be 
measured from—his progress in astronomical 
reasoning. No great philosopher failed to write 
his name upon the scroll of Astronomy (at this 
moment the greatest of our modern philosophers 
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—Shapley, Eddington, Jeans and Einstein, are 
miscalled: astronomers). Indeed, how could he? 
As man’s knowledge of the Cosmos extended, it 
forced a greater and more noble idea of the Great 
All, and drove each succeeding mind to grander 
concepts. 

Superlatives are always to be avoided by the 
judicious, but Astronomy supplies one that may 
not be lessened by even the most careful. There 
have been many things which have led to the 
betterment of man’s physical and social comfort 
since the days when our ancestors crawled in the 
primordial slime; some of them of outstanding 
importance—the discovery of the use of fire; for 
instance—; but there has been one thing, which, 
since its conception, has done more to free the 
mind and soul of man than anything else: the 
proof by Copernicus, and Galileo, that the Earth 
was not the center of the universe. Even the 
birth, life, and teachings of Christ can be no ex- 
ception—and this is written with no irreverence— 
for it was not until the mind of man had been 
freed from the superstitions of ignorance that the 
teachings of Christ began to be understood ; it was 
not until Astronomy had dispelled the fear-born 
anthropomorphic gods of the pagans, and the 
equally fear-born god of the early Christians and 
the Hebrews, by removing the Earth, and with it 
Man, from the center of all things to its proper 
insignificant place in the Cosmos, that Man was 
able to realize a truly spiritual concept of God, 
and began to grasp the meaning of the Man of 
Galilee. 
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The history of astronomy is the history of the 
development of reasoning thought in man, and it 
contains as well a wealth of romance. 

As one writer expresses it: "Romance? As- 
tronomy offers more thrills to the alert mind than 
all the fiction in the Library of Congress could 
provide." What more dramatic than the inde- 
pendent discoveries of the planet Neptune by 
Adams and Leverrier and the finding upon the 
photographic plate of the tiny point of light that 
justified the theory and the amazing calculations 
of Percival Lowell and rewarded the patient 
search of years with the “new” planet, Pluto. 

What human interest story of modern times can 
compare with that of Copernicus, who, knowing 
for years that he was right, dared not publish his 
great (full of errors as it is) work until he was 
on his death-bed? What greater example of 
mental courage—remember that Copernicus had 
been denounced as an arrogant and atheistic fool 
by Luther—and of physical courage—remember 
that another branch of the Christian Church had 
"reproved" the heresies of Giordano Bruno by 
burning him at the stake—can history show than 
that of the mystical dreamer Johann Keppler who 
demonstrated to himself and later to mankind that 
the "heavenly" bodies did not move in "perfect 
circles.” Remember that this was по small 
thing to announce. For countless generations 
each celestial body was believed to move along 
the only perfect line—the circle. Keppler, with his 
observations gathered from squinting along a stick, 
attacked and destroyed that most pertinacious of 
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all things: a combination of popular superstition, 
scientific conviction (his own chief refused to be- 
lieve him) and religious dogma. In those days, 
this last was a dangerous antagonist. That 
Keppler also had his hand upon the door that 
Newton opened, is one of the tragedies of as- 
tronomical history. Had he lived but a few more 
years, it is almost certain that we should now be 
speaking of Keppler’s Law of Gravitation—not 
Newton’s. It was upon Keppler’s laws of motion 
that Newton based his mathematics. 

To enlarge upon the romance of Astronomy 
would be but to rewrite its history: sturdy old 
Tycho Brahe who approached his work with such 
reverence that he never appeared in his ob- 
servatory except in full court dress; Leonardo da 
Vinci, resting perhaps from painting Mona Lisa, 
to work out in his great mind the scientific reason 
for the well-known phenomenon of “е old moon 
іп the new moon’s arms"—and then going down- 
stairs to invent the wheel-barrow: dusty old 
Democritus—reaching out with the might of his 
reason alone, and grasping the basically true idea 
of both the universe and the atom; gentle Halley 
who turned the light of his knowledge and re- 
search upon the comets, and showed that those 
terror spreading portents of the sky were merely 
members (though somewhat erratic ones) of our 
solar system, and subject to all the laws of nature; 
yet knowing that he could not live to see the 
return of the great comet that bears his name 
asked only that the world remember that its return 
had been predicted by an Englishman. It is this 
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comet, by the way, that Matilde, wife of William 
the Conqueror, so graphically depicted on the 
Bayeux Tapestry. It is this comet whose return 
in 1010 swept the ignorant negroes of our 
Southern states into frenzies of fear: prayer 
meetings, revival meetings and churches were all 
overflowing, and “maccommic” pills were sold by 
the thousands! Don’t laugh! Only yesterday the 
whole world was in like ignorance, until Astron- 
omy destroyed such oppressive superstitions. 

These and legions of others, from the old Chal- 
dean and Greek philosophers to the astronomer- 
philosopher of today, have reared upon the 
foundations of facts carefully gathered through 
the centuries, pinnacled edifices of scientific theory 
from the tops of which man’s mental view is 
limitless. Ме call it romance: the fight for a few 
miles of a national frontier; is there less of 
romance in the great battle for knowledge that 
has pushed man’s mental frontier far beyond the 
most distant of the stars, and yet can hold this 
conquered territory firmly in the grip of his small 
brain? | 


In the more special educational fields, the 
stimulative effect of astronomy has been, and is, 
great. Researches in modern physics, chemistry 
and electricity are based upon the action of the 
atom and the particles that go to make up the 
atom; so, as explained in the next chapter, is 
modern astronomical research; they are all inter- 
mingled. Prof. Eddington writes: “It is now well 
realized that the stars are a very important ad- 
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junct to the physical laboratory—a sort of high- 
temperature annex where the behaviour of matter 
can be studied under greatly extended conditions.” 
As many of the facts of atomic behaviour have 
first been discovered and studied in the stars, it 
will be seen that a proper understanding of present 
day science depends greatly upon a conversance 
with the advanced theories of astronomy. Don’t 
think that even this is difficult; Eddington’s “Stars 
and Atoms” reads like a delightful romance; and 
there are other books of the same quality. 
So much for the educational reason. 


Recreation, the second of the two reasons, is 
used in the widest sense of the word, covering 
intellectual pleasure, enjoyment of sheer beauty, 
mental relaxation in valuable work that is fas- 
cinating to do, and the fun of sight-seeing. 

No lover of the out of doors can, or wants to, 
deny the very real pleasure awakened by the 
ability to recognize and call by name a bird, a 
flower or a tree. There is a sense of satisfaction 
in being able to do this that is quite separate from 
any other emotion. The bird may be ugly, the 
flower a weed, but the fact that you can name it 
makes it of interest to you. You experience a 
distinct intellectual pleasure. There is the same 
pleasure in the knowledge that that blue-white 
diamond in the sky is Sirius, the brightest star to 
us, or that “there’s Orion! Below those three 
stars is the great nebula.” 

If you don’t believe it, step out of doors on a 
clear night, away from artificial light, and gaze 
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upward at the firmament. Carry with you a flash- 
light and an elementary guide to the constellations. 
In a few moments you will be recognizing the 
time-honored figures placed in the heavens by the 
imaginations of ancient peoples, and identifying, 
one by one, the stars and their exotic names. Go 
out again the next night at a different time and 
find your newly-made friends, now in another 
section of the sky. You will enjoy the very 
finding of them and the naming of them. Soon 
you will know almost instinctively where and 
when to look for them, and will discover yourself 
doing it even unconsciously whenever you step out 
at night. If the sight of the first robin or the 
first crocus in Spring brings you delight, be as- 
sured that recognizing the return to our night skies 
of the beautiful Spica will bring you as much. 

And remember this: "Astronomy offers one of 
those pleasures which follows the law of in- 
creasing rather than diminishing returns. The 
more you develop it, the more it gives you back. 
There is no season of the year when the interest 
ceases; and no time of life, so long as sight re- 
mains, when we аге too old to enjoy it." To this 
might have well been added, “No matter where 
you аге.” 

It was Carlyle whose plaint rings through the 
years: “Why did no one teach me the constella- 
tions when I was a child?” 

As far as beauty is concerned, the writer can 
but ask you to use your eyes and listen to those 
who have. 

The contrasting colors of the stars are ex- 
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quisitely evident to the unassisted eye, but it re- 
quires optical aid to reveal their startling beauty. 
Right here, it may be well to call your attention 
to the fact that an opera glass or a field glass is 
of real value for "star-gazing." With the help of 
either, sweep over the splendid star fields where 
the Milky Way crosses the constellations of 
Cygnus, Sagittarius and Scorpius, and you will 
behold а vision of loveliness that is exalting ; then, 
perhaps, for the first time you will glimpse the full 
meaning of the word “glory.” With a small 
telescope, the veils of distance are still further re- 
moved. You will gasp at the diamond-cluster of 
the Pleiades, and stare in amazed delight at some 
of the jeweled double stars, such as Albireo of 
Cygnus, a topaz sun with its pendant blue com- 
panion. 

When you have truly familiarized yourself 
with the constellations and the positions of the 
stars—which is a knowledge quickly and easily 
acquired, for there are only about fifty constella- 
tions visible in the latitudes of the north tem- 
perate zone—then there is a wider field of interest 
opened to you. You will enjoy watching the night 
by night movement of the Moon castward through 
the stars, and tracing out the slow majestic pro- 
cessions of the planets in their “wanderings” 
which so perplexed the ancients to explain. 

You may discover a Nova, or new star, one of 
those riddles of the universe. Dr. Anderson of 
Scotland secured enduring fame by discovering 
two important ones with the naked eye, simply 
making it a practise to observe the heavens care- 
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fully during his nightly exercise-walk. L. Peltier, 
a young American active in Variable Star observ- 
ing (of which we speak on a later page), has 
several new comets to his credit and recently was 
the first to report a Nova in the constellation 
Cepheus. 

Then, too, there is a practical and scientific 
research work of decided value, that can be done 
only with the naked eye. This is the observation 
of meteors. Here is an opportunity for anyone to 
contribute his or her mite to the progress of 
science. Further reference to this work is made 
in the chapter on meteors. 

Now, if you are alive to beauty, if you have 
an intellect that is active and alert, if you are 
endowed with curiosity, if you yearn to explore 
further regions of the Universe, to view objects 
superlatively wonderful and mysterious, you will 
long for a telescope and the revelations of that 
wonder glass. Only a “three-inch” instrument is 
required to reveal literally thousands of celestial 
objects never seen with the unaided eyes. The 
telescope kindles an interest that never palls. Its 
use awakens emotions of amazement, admiration 
and awe as does nothing else in life. The first 
telescopic views of the Moon, the rings of Saturn 
and the moons of Jupiter are positively startling, 
while the wonder of a giant swarm of suns like 
the cluster in Hercules is astounding. 

The writer can speak from experience in saying 
that there is no greater relaxation than leaving 
behind the Earth and its cares to embark on a 
celestial sight-seeing trip with a three-inch glass, 
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except that of combining such a trip with fas- 
cinating work. 

Many, probably most, people, even some who 
are the happy possessors of an instrument, believe 
that with the wealth of observatories in the world, 
and the magnificent equipment at their command, 
nothing of scientific value to astronomy can be 
accomplished with a small glass. Such, for- 
tunately, is not the case. 

There are in the heavens thousands of Variable 
stars, stars that fluctuate in brightness. The law 
governing most of these fluctuations is unknown 
and presents a baffling enigma. Only by recording 
hundreds of thousands of observations can we 
hope to solve the mystery. 

The American Association of Variable Star 
Observers was founded in 1011. Its record of 
achievement is such that the professional as- 
tronomers have turned over to the members—for 
the most part amateurs with small telescopes—the 
observations of long period Variables. Here then 
is the opportunity for anyone with a small instru- 
ment to engage in research work that is of 
scientific value апа intellectually profitable. 
“Every observation with a definite purpose be- 
comes a new adventure." 

All that is required for Variable Star observing 
is a small telescope of three-inch aperture or 
larger, and a knowledge of the constellations. 
No mathematics are involved, and the details of 
the work are quickly and easily mastered. 

What other research work offers such an oppor- 
tunity to the layman? 


- 
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While it was promptly admitted that a knowl- 
edge of Astronomy was of no practical use to the 
average man, it should be clearly understood that 
this great science has been, is, and always will be 
of inestimable material use to mankind; but we 
have not space here to enumerate the every day 
matters (time, and navigation, for instance) 
which are absolutely dependent on Astronomy or 
the many others that derive inspiration and assist- 
ance from it. 


One more word: Man must have vision and 
perspective for “perspective always broadens the 
soul, and relieves the sharp strain of human self- 
consciousness. The study of history plunges the 
mind into despair, or excites to desperation. 
Nature presents in the animal and vegetable 
world the same ravening forces. But as we meet 
her in the stars she is pinnacled. The expanse, 
the wonder, the sublimity of the objects there, 
tranquilize the spirit and balance the understand- 
ing." 

“The stars have a balm for us if we will but be 
silent; for the huge and thoughtful night speaks a 
language simple, august, universal." 


“Tis Nature's system of divinity 
And every student of the night inspires. 
"Tis elder scripture, writ by God's own hand: 
Scripture authentic! uncorrupt by man." 
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If the reader finds in this short chapter state- 
ments so elementary that they affront his 
intelligence, let him please remember that there 
are today, as always, thousands of the well- 
lettered whose knowledge of astronomy begins 
and ceases with the fact that the Earth “goes 
around" the Sun. If on the other hand, he be 
chagrined by his ignorance of these simple 
astronomical facts, let him find solace in that 
many of the great minds of the world have not 
been any the wiser. It is but a moment ago that 
the Sun went round the Earth, that each star 
was ''fixed," except when hurled from Heaven as 
а “‘falling-star,”’ and that ‘‘fiery-haired’’ comets 
were portents of evil. Indeed, has that moment 
passed for most of the world today? 

With this short apologia we begin at the 
beginning. 

Rushing through space, bound whither we 
know not, save for the mere direction, speeds 
the vast globe called the Sun, at a rate of nearly 
twelve miles per second. Around this falling 
body—and a true and stupendous fall it is—a 
great multitude of smaller bodies, ranging from 
tiny particles to huge masses thousands of miles 
in diameter, revolve with a marvelous regularity 
and order. This is the Solar System. Although 
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almost inconceivable in size, its huge dimensions 
shrink to microscopic estimates when we measure 
on its every side the unbelievable depths of space 
that bound its isolation. For countless cen- 
turies, the Sun and his family have been ap- 
proaching at a speed of over a million miles a 
day, a definite section of the Universe, and yet 
it seems no closer than it was thousands of years 
ago. In truth, the Solar System is but a cluster 
of tiny motes dancing in the infinite. 

It is on one of these tiny motes that we dwell, 
and from its whirling surface gaze in wonder- 
ment into the surrounding immensity we call the 
sky. 

What do we see in the sky? It may be well to 
enumerate at once the various types of celestial 
objects. They are, in order of their evidence to 
the eye: Stars, Planets, Satellites, Meteors, 
Comets, Star-Clusters and Nebula. 

We have left out the бип апа the Moon and 
the Milky Way? No! These all are included in 
the classification as given. 

Stars. What is a star? А ата а 5. 
It is a huge spheroidal body of glowing metallic 
vapors and gases, in widely varying combina- 
tions, emitting intense radiations of energy 
mainly manifested in the forms of light and heat. 
Our Sun, therefore, is a star—the nearest star 
to us—upon whose proximity depends our very 
existence. 

Aside from this somewhat important result— 
important to us at least—the nearness of the 
Sun holds an added value. From an intensive 
study of this close-by star we can, and have 
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already, added greatly to our knowledge of its 
far-lying brethren whose light reaches us from 
incomprehensible distances. 

PLANETS differ from stars in that, while the 
latter shine with light of their own, the planets 
merely reflect the light of the parent suns about 
which they revolve. Our Sun is the only star 
which can definitely be said to possess a family 
of planets, as the vast distances of even his 
comparatively near neighbors in space prevent 
us from determining whether or no they, too, 
have planetary attendants. It seems somewhat 
` against the doctrine of chances, however, that 
among all the many millions of stars the solar 
system should be unique. 

The word “‘ Planet,” nevertheless, is used only 
when referring to one of the eight larger bodies, 
of which the Earth is one, which revolve about 
the Sun and shine by reflecting his light. Two 
of them— Venus and Jupiter—are those which 
periodically beautify our skies as the Morning- 
and Evening- “Stars.” (See PLANETS, р. 376.) 

SATELLITES, or moons (the Moon is the one 
satellite of our Earth) revolve about the planets. 
They, also, shine only by reflected sunlight, so 
that it is safe to say that, with a minor excep- 
tion or two, all the light we can ever see in the 
sky is sunlight, or starlight, the terms being 
synonymous. 

METEORS are odd bits of metal (mostly iron) 
and stone that sweep about the Sun in orbits 
that meet the path of the Earth. When they 
encounter the atmosphere of the Earth it is 
at such speed that the friction of the air raises 
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them to a white heat, and we see their luminous 
path. They are not falling stars! This light is one 
of the exceptions mentioned above. (See p. 412.) 

Comets are bodies which appear from time to 
time as ill-defined patches of light, from which 
often extends a long tail. Most of them, prob- 
ably аП,-аге members of the solar system, and 
revolve in regular orbits about the Sun. Most 
of these orbits are very eccentric ellipses, or 
elongated ovals. А large part of their light 15 
reflected sunlight, but, as some of it is not, they 
constitute the second exception to the univer- 
sality of starlight. (See Comets, p. 406.) 

STAR CLUSTERS are vast swarms of suns. 

NEBULA may, for our purpose, be divided into 
two broad classes: 


Diffuse Nebule (of which there are several 
subdivisions) vast masses of gases; some dark, 
and defined only by the light of the stars 
behind them; some luminous, probably for the 
most part by reflected starlight. 


Spiral Nebule, which are ‘‘ Island Universes” 
remote from our own stellar system, and com- 
parable in size to it. 


It is greatly to be regretted that the scope of 
this book will allow no further discussion (except 
for the notes in the text accompanying the con- 
stellation charts giving the positions of some of 
these marvellous systems) of the Clusters and 
the Spiral Nebule. There is space to say only 
that our knowledge concerning them is making 
great strides and that every step adds to their 
vastness and their importance in the “great 
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This magnificent object is just visible to the naked . It is estimated to 
See descriplion on page 212 


contain not less than 100,000 Suns. 
From a photograph taken at Astrophysical Observatory 
2 > i У, 
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scheme of things," and pushes farther away the 
boundaries of the Cosmos. 

We now know much concerning their consti- 
tutions, their sizes, their distances, and their 
speeds relative to ourselves. As examples: the 
Cluster in the constellation Hercules (just visible 
to good eyesight, easily found with an opera glass 
and a fine sight in a small telescope) is a vast 
assemblage of “over 100,000 stars” approaching 
the Earth at 200 miles a second. ''Even at this 
terrific speed, it will take at least a billion years 
for the cluster to arrive." (Dr. E. S. Frost.) 
The Andromeda Nebula is approaching at about 
the same speed. Its light requires 800,000 years 
to reach us and yet it can be easily seen with the 
naked eye. Conceive, then, its size and true 
brilliance. This nebula “is presumably one of 
the nearest of the spirals.” (Eddington.) 

THe Мику Way, or GALAxy, indicates the 
direction of the rim of the stupendous lens- 
shaped aggregation of stars of which the Sun 
is a member. Being comparatively near the 
center, we see more stars when looking that 
way than when looking through the thinner 
dimension of the “lens.” (See p. 428.) 


It seems best to take up at once several other 
points in connection with the stars. 

Star Macwnirupes. Upon looking at the 
stars, it will be immediately apparent that some 
are brighter than others. It is upon this fact 
that one of the classifications of the stars is made, 
ie.: “magnitude,” a classification in constant use. 

The term magnitude as applied to a star refers 
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not to its size or the actual amount of light it 
gives but to its brilliancy as seen by us. The 
reader is asked to keep this constantly in mind. 
It is evident, then, that a star’s magnitude is the 
result of two factors, the true brilliancy and the 
distance of the star from the Earth. 

The stars are roughly grouped as of Ist mag- 
nitude, 2nd magnitude, up to about 20th magni- 
tude, the higher numbers denoting the lesser 
brilliancy. Each magnitude is two and one-half 
times brighter than the preceding one; that is, 
а Ist magnitude star looks 21% times brighter 
than a 2nd magnitude star, 614 times brighter 
than a 3rd magnitude star, and over 100 times 
brighter than a 6th magnitude star. (See dia- 
gram p. 70.) For more accurate estimates of 
stellar brilliancy, the magnitudes have been sub- 
divided into ten parts, and a star may be mag. 
5.6 (or five and six tenths) 2.3, 10.9, etc. For 
our purpose, the broader classification is quite 
sufficient, and stars ranging from mag. 1.6 to 
mag. 2.5, inclusive, will be referred to as of 
2nd magnitude; stars from 2.6 to 3.5 of 3rd 
magnitude, and so on. 

Betelgeuze (mag. о.0) in the constellation 
Orion, Aldebaran (mag. 1.06) in Taurus, and 
Deneb (mag. 1.33) in Cygnus are good examples 
of standard first magnitude stars. 

It will be noted that Betelgeuze is given a 
magnitude of Jess than one. This minus scale 
becomes necessary for a few stars that are 
brighter than true first magnitude. In this 
minus scale the relations of the magnitudes is the 
same; mag. 0 is 21% times brighter than mag. 1, 
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and mag. —1 is 2% times brighter than mag. 
o. The brightest star, Sirius, is mag.—1.58. 

A 6th magnitude star can just be seen with 
the naked eye. There are about six or seven 
thousand stars visible without optical aid, but 
only about 2,500 of these сап Бе:ѕееп at any one 
time. A good field glass reveals over 50,000 
stars, a “2-іпсһ”” telescope well over 300,000, 
and the greatest telescope brings fully a billion 
within range. 

In the appendix are tables giving the numbers 
of the stars, grouped according to magnitudes, 
distances, etc. (See Absolute Magnitude, p. 53.) 

It is a noteworthy fact that the stars which 
are not visible to the naked eye give us more light 
than those which are visible! 

The matter of stellar distribution is an in- 
teresting one. Approximately, there are twenty 
stars of the first magnitude. Multiplying the 
number of stars of each successive magnitude 
by three and a fraction, gives the number of 
stars of the next fainter magnitude, until the 
tenth magnitude is reached; then the ratio 
changes to two and a fraction, up to the 17th 
magnitude. From the 17th to the 20th magni- 
tude the ratio is one and a fraction, showing 
that, as we progress outward in space to the 
fainter magnitudes, there are fewer stars than 
calculation requires, according to the hypothesis 
of uniform distribution. According to Professor 
Seares, the total of all stars fainter than the 2oth 
magnitude is relatively small. 

COLOR oF STARS. Until it is pointed out to 
them, few people notice that stars are of different 
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colors. There is a wide range of tints easily seen 
with the naked eye, and the telescope discloses 
many more of gem-like beauty. The outstand- 
ing colors are red, yellow and bluish-white. The 
spectroscope reveals to us that these colors are 
closely associated with the “аре” of the stars— 
their positions in the evolutionary scale—their 
actual surface brilliancy, and their sizes. 

SIZES OF THE STARS. We know now that stars 
are really of different sizes as well as just looking 
brighter or “Тагрег.” They range from the huge 
giants of many millions of miles in diameter to the 
"tiny" dwarfs of only thousands. There are a 
number of methods of determining the sizes, 
including actual measurement, even though the 
largest appears in the greatest of telescopes 
merely as a point of light. There is reference to 
these methods in the next chapter. 

In the text accompanying the constellation 
charts of Orion and Canis Major are given some 
interesting facts concerning the giant Betelgeuze 
and the companion to Sirius. In the appendix is 
a diagram showing the comparative sizes of some 
of the giants. 


Stars of Special Interest 


There are in the skies many stars which seem 
to the casual observer to be just “everyday” 
stars, like all the others. Close study with the 
naked eye will in some cases, and observation 
with the telescope in many, reveal that they 
possess varied characteristics. 

These stars may be divided into the following 
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classes: Double and Multiple Stars, Binary 
Stars, Variable Stars, and New or Temporary 
Stars. 

DouBLE Stars. There are many stars seem- 
ingly single points of light to the naked eye which, 
with the aid of a telescope, may be resolved into 
two or more stars. In some cases this is merely 
the result of perspective. Two stars nearly in 
a line when viewed from the Earth, will, although 
billions of miles apart, one farther away from us 
than the other, appear side by side on the 
‘celestial sphere. Іп many cases, however, the 
stars are actually close together. 

Many of these double stars show beautiful 
contrasts in color. The star Beta in the con- 
stellation Cygnus, for example, can be separated 
into two by even a small glass, the primary a 
brilliant topaz, and the smaller star a wonderful 
peacock blue. In fact, this color contrast in 
double stars is the rule rather than the exception, 
although some of the famous doubles are of the 
same shade. 

MULTIPLE STARS are not nearly so numerous 
as simple doubles. There are many known, 
however. The sextuple star in the heart of the 
Orion nebula is the best example. А small 
telescope shows this as four stars only, placed in 
the form of a trapezium, but a large instrument 
adds two more to the group. 

The small naked-eye star Epsilon of Lyra is 
just separable by a good eye. A telescope again 
divides each component, showing a system of 
four stars. (See diagram p. 75.) -The obser- 
vation of Double Stars is. опе of the pleasures 
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offered the owner of even a small instrument. 

BINARY STARS are merely double stars whose 
orbital revolution about each other has been 
proven. They are, as a rule, much closer to- 
gether than the average “double.” 

Many stars that defy separation with a tele- 
scope yield their secret to the spectroscope and 
are proven close doubles. These, in consequence, 
are called spectroscopic binaries. Each com- 
ponent of the telescopic double Mizar of the 
Great Bear has been proved to be a double, 
though no telescope will ever be able to show 
the four stars. 

A VARIABLE STAR is one whose magnitude 
changes from time to time, these changes being 
in some cases slight and in others very great, 
and occurring usually in a.cemparatively regular 
cycle. 

The variables are generally classified as "short 
period," those whose cycle is completed in a few 
days or less, and "long period," those which 
require more time, in some cases even years. 

The SHoRT-PERIOD VARIABLES may be sub- 
divided into those whose variation is caused by 
a partial eclipse of the brilliant star by a com- 
panion star—close binaries, of two stars revolv- 
ing about each other; and those where the varia- 
tion is due to some real change in the star itself 
which alternately blazes up and smolders, or 
pulsates; why, we don’t definitely know. 

The best known example of the former class 
is the star called ''Algol," which shines in the 
constellation Perseus. With great regularity, 
every two days twenty hours and forty-eight 
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minutes, the light of Algol’ undergoes a rapid 
change, first decreasing over a magnitude, and 
then regaining its full brilliancy, the duration of 
the whole phase being nine hours and twenty 
minutes. This means that at maximum the star 
gives over twice as much light as it does at 
minimum. This peculiar behavior of Algol has 
been long known, and its name, signifying ‘‘ The 
Demon,” shows the riddle it propounded to the 
Arabs. By the aid of the spectroscope, this riddle 
was solved, and it is now known definitely that 
Algol is a system of two stars, one bright, the 
other comparatively “dark,” and invisible even 
with the aid of the great telescopes. These 
revolve about each other—that is, around their 
common center of gravity, as do the Earth and 
Moon—in a period exactly equaling the cycle of 
Algol’s variation in magnitude. It is the passage 
of the “dark” star between us and Algol which, 
by partially eclipsing the latter, cuts off from us 
much of its light. (See p. 250.) 

Constant observation has, in the past few 
years, added many variables to this “Algol 
type," most of which are almost faultless time- 
keepers. 

The second subdivision is of far more interest, 
containing a type of star which has enabled us 
to estimate closely the distances of the nebulz 
and clusters, as explained in the next chapter. 
This type is known as a Cepheid variable because 
the first of its kind was located in the constella- 
tion Cepheus. - 

Professor Eddington says of the Cepheid vari- 
able: It “is a single star which pulsates. It isa 
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globe which swells and contracts symmetrically 
with a regular period. And as the globe swells 
and contracts . . . the issuing stream of light 
rises and falls in intensity. . . . There is no 
question of eclipses." 

Of LONG-PERIOD VARIABLES many are known. 
Some of these pass through their changes with a 
real regularity, while others are so erratic that 
no period or cycle can be stated. In fact, these 
irregular variables seem to scorn any degree of 
constancy, and the maximum of one rise may fall 
far short of previous briliancy. The extreme 
rapidity with which some of these freaks “тізе” 
is astounding. In some cases only a few hours 
is necessary for one to rise to a maximum fifteen 
or twenty times more bright than its minimum. 

The most noted long-period variable is Mira, 
“the Wonderful," of the constellation Cetus. 
This has been under observation for over three 
hundred years, and is the first of these stars to 
be recognized. In the course of about 331 days 
Mira changes slowly and evenly from a star of 
over second to one of less than ninth magnitude, 
and back again; so that, while at maximum it is 
one of the most conspicuous stars, it is for over 
five months of its cycle invisible to the naked eye. 
It gives at maximum about 375 times as much 
light as at minimum. 

By careful study of these long-period variables 
it has been possible to classify many of them 
according to their ''light-curves," and continued 
observation and spectroscopic study will with- 
out doubt discover the causes for all the various 
peculiarities. 


30 


FOR THE BEGINNER 


NEw STARS. Occasionally the careful observer 
of the skies will note a star where previously 
none, or only a very faint one, was to be seen. 
This is called a new star, or technically a Nova. 

The causes of these sudden appearances, for 
sudden they indeed are, are not definitely known, 
but it is certain that they are evidences of some 
enormous cataclysm. It was generally accepted 
that a Nova is the result of a collision of some 
sort between two celestial bodies, but there is also 
the possibility, which science is now finding not 
so improbable, that a Nova shows to us the 
actual explosion of a star by atomic dis- 
integration. 

New stars seem to pass through about the same 
general changes. They flash up from nothing to 
widely ranging degrees of brilliancy, some never 
being visible to the naked eye, and others being, 
for a time, the most conspicuous of the stellar 
host. Their maximum brightness is held for a 
comparatively short period, and they then fade 
slowly, occasionally blazing up briefly as if in 
vain attempts to retain their passing glory. The 
decrease, however, is always great, and a Nova, 
as a rule, either entirely disappears, or remains 
as a very faint, and often nebulous, star, usually 
a variable. 

In the appendix there are tables of the dates 
of famous Nove. 


The “Twinkling” of a Star 


Many people ask why a star ''twinkles." This 
is entirely caused by the refraction and disturb- 
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ances in the Earth’s atmosphere. Were this 
removed, the stars would blaze steadily in a deep 
black sky with a glory never to be seen from the 
Earth's surface.’ The planets do not twinkle, 
as the beams of light coming from them are com- 
paratively “thick” and sturdy, while such are 
the distances of the stars that but the tiniest 
thread of their light reaches us; so tiny is this 
that the slightest disturbance of the air causes 
enough refraction to make the light flicker. A 
planet close to the horizon, when its light must 
penetrate more and denser air, most of which 
is in a greatly disturbed condition, will be seen 
to flicker as does a star. The planet Mercury 
which is never seen far above the horizon is 
sometimes spoken of as the ‘‘Twinkler.”’ 


The “Light Year" 


The distance between our system and the stars 
is so tremendous in extent, that astronomers 
selected the “Light Year” as a unit to express 
stellar distances. This is the distance light travels 
in one year at the rate of 186,000 miles per second, 
approximately six trillion miles. 

Even this unit is too small to express conveni- 
ently the distance separating us from some of 
the nebulae and globular star clusters that lie 
on the frontiers of the visible universe. The 
unit of measure used by professional astronomers 
to express these distances is the “ Ратвес,” which 
equals 3.258 light years, and which is explained in 
the next chapter. (See Note p. 39.) 

The bare statement that light travels at the 
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tate of 186,000 miles a second conveys very little 
to the average mind. We are utterly unable to 
grasp the significance of the fact, unless we apply 
an illustration of some sort, and step the distance 
down, so to speak. Let us imagine that we are 
borne on the wings of light for a series of jour- 
neys. First, we should take a trip around the 
earth, which we would accomplish in one-eighth 
of a second; then to the Moon, which we would 
reach іп 1.2 seconds. А journey to the sun 
would be made in eight minutes, and one to dis- 
tant Neptune in four hours, Neptune, you must 
know, being 2700 million miles from the earth. 
To reach the nearest star would take four and a 
half years; to reach the farthest . . . ? 


It certainly was in the very earliest days of 
humanity that the Sun, Moon and the stars 
attracted the attention of man. The first use 
that he would naturally make of the heavenly 
bodies would be for the determination and 
measurement of time, that all important factor 
in our lives. 

The diurnal progress of the Sun across the 
heavens would enable him to divide the day 
into time intervals, and the Moon and the stars 
would serve a like purpose at night. 

Lunar calendars were devised by the Chinese, 
Hindus, and the primitive races of Central and 
South America at a very early date in the history 
of the human race, and even before that time 
the stars had been associated in the groups that 
we call “constellations.” To these groups were 
assigned, arbitrarily enough, boundary lines that 


33 


FIELD BOOK OF THE SKIES 


enclose what, with marvellous imagination, 
these ancients saw as figures of gods, heroes, 
animals, reptiles, etc. These time-honored con- 
stellations have come down to us (even profes- 
sional astronomers use them in designating the 
positions of stars), and the many curious myths 
and legends connected with them enhance 
greatly the pleasure in the study of stars. 

It is the identification of these constellations, 
and the memorizing of their positions in relation 
to each other that may well be the first steps in 
observational astronomy. 


In beginning the study of the heavens, it will 
be immediately evident that the stars seem to 
move. As a matter of fact, every star zs in 
rapid motion, but we do not see these real 
motions.. It is only the seeming motion that we 
must allow for—the apparent motion of the 
stars across the sky from east to west. This is 
caused by the rotation of the Earth upon its 
axis; as the Earth turns eastward the stars 
appear to.move westward. In short, it seems as 
if we were in the exact center of a hollow sphere 
of which we can see but the half above us, the 
other half being shut from view by the Earth 
beneath. Upon this sphere are fixed points of 
light, the stars, which do not change their positions 
relative to each other, but which rise in the east, 
pass across, and set in the west as the great 
sphere turns above us. 

In astronomy, this apparent sphere is treated 
as if it were an actual one, and is called the 
Celestial Sphere. Upon it are figuratively ruled 
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circles like the latitude and longitude markings 
upon a geographical globe, and the exact posi- 
tion of a star can be designated as easily as the 
position of a spot upon the Earth. (See p. 38.) 

This apparent motion has one result that is 
likely to prove a little confusing to the beginner. 
A constellation—Orion, for instance—will rise 
lying on its east side, be upright as it passes to 
the south of us, and set lying on its west side. 
The four season plates make this clear. 

The stars rise about three minutes and fifty- 
six seconds earlier each night (about two hours 
earlier each month), as will be evident from but 
a few weeks observing. This is caused by the 
orbital motion of the Earth about the Sun. 


The real] motions of the stars, which do not 
properly concern us here, are: 

Proper Motion; that is actual motions across 
the line of sight on the night sky. These mo- 
tions, although often very great, and at terrific 
speeds, are, because of the distances of the stars 
from us, not noticeable to the ordinary observer, 
to whom the stars appear "fixed," and can be 
measured only by delicate instruments. In the 
Appendix wil be found some of these deter- 
minations, together with some of the 

Radial Motions of stars, radial motion being 
the movement of the star in the line of sight, 
its velocity of approach or recession. 

'There is another apparent motion, but a very 
slow one, amounting only to one degree of arc 
in about seventy-two years. The rising place of 
each ѕбагзоп the horizon moves to the right, or 
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clock-wise. This is caused by a special move- 
ment of the Earth as it revolves in its orbit about 
the Sun. This motion is a wobbling, like that 
of a "dying" top, so that the axis of the Earth 
would, if it were extended, describe a large circle 
on the celestial sphere. It takes about twenty- 
six thousand years to complete this circle. 


(The Present Pole star) 
Polaris 


Pole of 
Orr 
Ecliptic 


Head of Draco. 


14300 A-D- 
e veg іп Lyra 


Circle described on Celestial Sphere by the axis 
of the Earth. 


This movement is called the Precession of the 

Equinoxes, and results in a change of our sea- 

sons, and of our North Star. About three 
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thousand years ago, the star Thuban, in the con- 
stellation Draco, was our Pole Star. It is inter- 
esting to note that the large slanting passage 
in the Great Pyramid was built to point directly 
at this star. Twelve thousand years hence, 
Vega will be our North Star, and our summer 
would come in what are now the winter months, if 
our “year” were not adjusted to prevent this 
change. 
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№ 


NORTH 
қ Pore 


М 
N 4 
%- SovTH | 
CANOPUS POLE 29: CANOPUS 


The axis of the earth as it (left) points now and as it 
(right) will point when half way through its 
revolution. 


This Precession of the Equinoxes is "due to 
the gravitation of our Sun and Moon upon the 
bulging. equatorial belt or zone of the Earth, 
combined with the centrifugal force at the 
Earth's equator.” 
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Кіснт ASCENSION AND DECLINATION. On the 
celestial sphere, spoken of previously, there are 
three systems used to designate the position of an 
object: the horizon system, the ecliptic system, 
and the equator system. For a detailed exposi- 
tion of these systems the reader must be referred 
to one of the text-books listed in the bibliography. 

There need be briefly explained here only the 
one more commonly used—the equator system. 

On the earth, we locate a point by its longitude, 
east or west of the Greenwich observatory which 
is longitude о, and by its latitude north or south 
of the equator. The lines of longitude all are 
great circles passing through both poles of the 
Earth and the lines of latitude are all parallel 
to the equator. 

On the celestial sphere the equator system is 
exactly similar. Position is measured eastward 
from the celestial “Greenwichi k the vernal 
equinox, which is the point where in spring the 
Sun is on the celestial equator. Instead of 
speaking of longitude, the distance from this 
point is given in degrees or hours of Right Ascen- 
sion (К. А.). The position north or south of the 
celestial equator—which like the earth's is an 
encircling line mid-distant from the poles—is 
given in degrees of Declination (Dec. or D.). 

Right Ascension is usually measured by a clock 
so that it is, therefore, more convenient to ex- 
press it in time rather than in degrees of a circle. 
There are 360 degrees to a circle and the celestial 
sphere rotates in 24 hours of time. It will be 
seen that one hour of time expresses the same 
distance as 15 degrees of arc, and that four min- 
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utes of time equals 1 degree of arc. It is a 
simple matter to turn the time measurement into 
degrees or vice versa. The position of the star 
Betelgeuze, for instance, is usually written 
КА. У? 50”.8 Dec. М. 7°24’ which says in effect 
that the star rises just that number of hours 
after the Vernal Equinox. This can be equally 
well expressed by К.А. 87°2’ .8 Dec.N.7?24'. 

Declination is sometimes written + or — 
instead of N. or S., or is even merely underlined 
or printed in italics if the Declination is South. 

It is of great convenience in observing if the 
Right Ascensions of several of the bright stars 
are known; these will give starting places for 
measurements. There is a table of these in the 
Appendix. It is always easy to estimate the 
declination of a star by its distance from Polaris. 


Моте.— Аз this book is ready for the press, the 
attention of the author is called to a new unit of 
measurement—the mega-parsec, or great parsec. 
This is equivalent to 1,000,000 parsecs, or 3,258,- 
ооо light years. This tremendous unit is found 
necessary to express in figures cf convenient 
length the distances of the far-lying spiral 
nebulae. The mega-parsec might be called the 
inter-universe unit. 
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Throughout this book, the reader will find 
statements concerning the celestial bodies—their 
distances, their sizes, etc., that may easily 
awaken the doubt: '' Aren't they just guessing? 
How do they know?” 

Such a doubt is but natural. It is almost in- 
credible that man could have acquired definite 
knowledge of the movements, the volumes, and 
even the constitutions of bodies at such stupen- 
dous distances. Indeed, it was less than one 
hundred years ago that a retiring Astronomer 
Royal expressed in his valedictory speech his 
deep regret that astronomical advance must 
cease, that a limit impossible to pass beyond 
had been reached. Yet, it is since his time that 
most of the great steps in astronomical learning 
have been made. 

Itis also not unnatural that there should be a 
tendency to scoff at astronomical figures. Tem- 
peratures that run into the millions of degrees, 
speeds reckoned in many miles per second and 
distances so vast that special scales to express 
them must be devised, since in terms of terres- 
trial measurement they resolve into absurd and 
incomprehensible figures, all tend to arouse a 
somewhat scornful disbelief. Let the scoffer 
realize and remember this: his standards of com- 
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parison are wrong! He looks upon conditions as 
he knows them on the surface of the Earth as 
the usual, the normal, state of affairs. They 
are not—they are most exceptional! Relative to 
the general conditions of matter as it exists 
throughout the universe—truly almost universal 
conditions, and therefore the normal ones—our 
mile-a-minute, our two hundred miles an hour 
are near approaches to immobility; our greatest 
distances are but microscopic scratches on the 
inter-stellar scale; and, considering that prob- 
ably nine-tenths of the matter in the universe is 
at temperatures of over a million degrees 
(Eddington), our familiar temperatures are very 
near to absolute zero. 

Let him also remember that he cannot trust 
his own senses! In fact, Nature seems almost 
to have planned to mislead us by these senses, 
for, when it comes to the relation of man and 
the Earth to the rest of the cosmos, they invari- 
ably supply the wrong information! We see the 
Sun rise, and the heavens wheel above us, each 
star a fixed point of light upon a great inverted 
bowl; we watch the Moon change shape during 
each month and feel that we are at rest upon a 
stationary, flat, and solid Earth. Not ome of 
those things is true, and the list of such decep- 
tions of which these are samples is a very long 
one. 


To give in a book of this kind and size a 
detailed description of the methods used in va- 
rious astronomical measurements, or to present 
in full different theories, the means by which 
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they were evolved and the evidence concerning 
them, is neither fitting nor practicable. This 
chapter, therefore, will attempt only to indicate 
the way the modern astronomer and astro- 
physicist works. It is hoped that it will answer 
most of the questions that the general reader 
will ask. 

It may be well to point out immediately that 
practically all astronomical research is now done 
with the aid of the photographic plate. In the 
first place, this makes immediately a permanent 
record which can be studied at leisure and meas- 
ured with great accuracy, and in the second it is 
sensitive to “‘light”’ that has no effect upon the 
eye. Also, the long exposure has the advantage 
of being able to store up the cumulative effects 
of the light from very faint objects until it 
acquires enough to make images of them. This 
the eye cannot do. 


“Then felt I like a watcher of the skies 
When a new planet swims into his Кеп” 


can scarcely be said to apply now. The telescope 
is turned into a camera, the astronomer into a 
photographer, laboratory-worker, mathemati- 
cian and philosopher. 


Possibly the most paradoxical thing about 
modern astronomy is that our knowledge of the 
overwhelmingly great is acquired from the study 
of the ultimately small. What we know about 
the stars has been learned from the study of 
their atoms. How do we see these atoms to 
study them? We don’t; but they are constantly 
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sending us messages of what they are doing, and 
what we call light is their messenger. It may 
be well to try and explain briefly what light is. 

Each atom of matter throughout the universe 
is in a constant state of agitation, absorbing or 
radiating "energy." Just why this should be 
so, or just what energy is, remains unknown; 
and there seems to be but little probability of 
our ever finding out. But we can measure 
energy, and we can harness it and use it; all, 
that is, that escapes or is radiated from the 
atoms. It is the dream of scientists to tap and 
to control the vast store which the atoms never 
release. 

Energy waves spread out from their sources 
as the waves on the surface of a pond spread 
out in circles from the spot where a stone has 
been thrown. Energy waves are of different 
lengths—that is, the distance from wave-crest 
to wave-crest may be longer or shorter—but, as 


Wave LENGTH 15 


MEASURED BETWEEN CRESTS 
= -7- 


27 (CO ND Э» 


far as we are concerned, the speed at which the 
waves travel is constant and the same, namely 
186,000 miles per second. 

When radiations of energy strike the retinas 
of our eyes, they produce, provided they are of 
wave-lengths between certain limits, an effect 
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upon our nerves which we call light. The longer 
wave-lengths give us the impression of red; the 
shorter, of violet; and between the two extremes 
all other possible tints. A combination of all 
visible wave-lengths produces white light. 

There are energy waves far longer than the 
red light-waves, and just as evident to us in 
other ways—as heat, radio-waves, etc.—but in- 
visible; and shorter than the violet are more 
frequent radiations—the actinic rays, the X-rays 
ctc.,—which a photographic plate can “see” but: 
which we cannot. Do not think that we cannot 
feel their effects, however. Anyone suffering 
from an intense sunburn is a living and painful 
demonstration that we do. 

The diagram shows the relative positions and 
lengths of some of these energy waves. 
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spectrum 


Far shorter than the Gamma Rays are the Cosmic, or Milli- 
kan Rays, ranging in length from o. Pd À to o. 00067 Á. 
À the symbol for ANGSTRÓM = 17000000 millimeter. 


As long ago as 1666, Newton showed that sun- 
light was a blend of colors. The rainbow presents 
this light broken into its component parts. 
Newton demonstrated that a glass prism would 
do the same thing, and would spread out the 
light into a “spectrum,” bending all the light, 
but bending the shorter violet waves the most 
and the longer red waves the least. This fact 
is the basis of the most wonderful instrument 
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ever devised by man—the spectroscope—without 
the aid of which our knowledge of physics and 
astronomy could never have reached its present 
stage; for it is with the spectroscope that we 
read the messages of the atoms, whether in the 
stars or in the laboratory. 


GLASS PRISM 


Dispersion of Light. 


The principles of the spectroscope are: 

Different forms of matter give different kinds 
of light, and each form of matter has a spectrum 
as individual as a finger-print. Every spectrum 
is crossed by certain lines, each line, or series of 
lines, being produced by the light of one element 
and by no other; and these lines always appear in 
the same relative positions. It is not within the 
scope of this volume to describe the details of 
spectroscopic analysis, but the reader is asked 
to accept it as an accurate science used as much, 
if not more, in practical physics and chemistry 
as іп astronomy. A skilled spectroscopist is able 
to say immediately, upon seeing a clear spectrum, 
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that it was made by light coming from certain 
specific materials, and from those only, for an 
exact knowledge of what substances produce cer- 
tain spectrum lines has been built up from 
actual experience in the laboratories. 

It is possible, therefore, to tell from the spec- 
trum of a star what kinds of matter are most 
in evidence in that star. 

In connection with this, it is interesting to 
note that helium (now so well known as the 
desirable gas with which to fill the great dirig- 
ibles) was discovered in the Sun (hence its 
name, from the Greek Helios, meaning sun) more 
than thirty years before it was found on the 
Earth. Its lines were present in the solar spec- 
trum, but not until helium had been isolated 
on the Earth was it possible to reproduce these 
lines in a laboratory. 

Also, in the spectra of some of the gaseous 
nebula of a special classification, there was found 
an unknown series of lines. For years this was 
thought to indicate an undiscovered element, 
and it was named Nebulium. Later evidence has, 
however, established a limit in the number of 
elements that can exist, and this suggested that 
the series of lines was probably generated by 
some combination of known elements in unusual 
conditions. Eddington, writing 1n 1926, said. 
"But Nebulium is not a new element. It is 
some quite familiar element which we cannot 
identify because it has lost several of its electrons. 
An atom which has lost an electron is like a 
friend who has shaved off his moustache; his old 
acquaintances do not recognize him. We shall 


46 


HOW DO WE KNOW? 


recognize nebulium some day." In the autumn 
of 1927, Dr. Bowen proved that nebulium was 
a mixture of oxygen and nitrogen in a special 
condition, and Eddington now writes: ''Confi- 
dence that the mysterious substance producing 
the light of the nebulae would prove to be quite 
familiar has been justified; it is atr.” 

There is another enigma to the spectroscopist 
which has not yet been solved, and it may prove 
more difficult to recognize this “friend without 
his moustache” as we can see him so seldom. 
This is ‘‘Coronium’’ which appears only in the 
corona, that glorious aureole of light surrounding 
the Sun, and which is seen only during a total 
eclipse—a pitifully few minutes each century. 
Who can doubt though that it will be found out 
despite its disguise? Perhaps, even, the photo- 
graphs made during the eclipse of a few days 
ago, June, 1936, have caught the evidence neces- 
sary for the identification. 

Aside from disclosing to us the secrets of what 
the stars are made of, the atoms also tell us 
much about the motions of the heavenly bodies. 

Nearly every one is familiar with the way in 
which the tone of an engine bell or whistle rises 
in pitch as the engine rushes toward the listener 
and lowers in pitch as the train recedes rapidly. 
'This, of course, is due to the fact that a definite 
number of sound vibrations per second striking 
our ears will always produce to us a tone of a 
certain pitch. When a bell, giving out that 
number of vibrations, is rushed toward us at 
high speed we receive more than the proper 
number, and the pitch rises above the correct 
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note; when the bell is carried rapidly from us, a 
lesser number of vibrations per second reaches 
our ears, and the pitch is consequently lowered. 
A similar phenomenon occurs with light. When 
the source of the light is speeding toward us, we 
receive more than the normal number of light- 
waves. Ав this is the case with all the waves, 
no matter what their length, there is no change 
in the relative positions of the spectrum lines, but 
the whole spectrum is shifted toward the violet, 
or rapid, end—the pitch is raised. A receding 
source of light gives a spectrum shifted toward 
the slower red end. By measuring these shifts 
it is possible and practical to determine the speed 
with which the source of the light is moving, and 
whether away from or towards us. The rotation 
of the Sun can easily be demonstrated by this 
spectrum shift. One side of that great body is, 
in its rotation, approaching us, the other side 
receding from us, and the center part doing 
neither. The spectroscope shows this clearly. 

It is light, therefore, which laughs at distance, 
and traverses countless billions of miles un- 
changed, that brings to us the facts of the Cosmos 
as betrayed by its telltale atoms; to understand 
these facts we need only to record the messages 
and decode them. The spectroscope gives us the 
key to the cipher. 


It may seem strange, but some of the astro- 
nomical facts most difficult to prove are those 
that directly pertain to the Earth and its relation 
to the universe. It is in connection with these 
that we come into direct and extreme conflict 
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with our traitorous senses. The three state- 
ments: the Earth is “round”; it rotates upon 
its axis; it revolves about the Sun, are all quite 
contradictory to what we see and feel. It is not 
to be wondered at, therefore, that the evidence 
in their favor took such a long time to collect, 
and even now is not universally believed. 

THE SHAPE OF THE EARTH is indicated by the 
circular shadow it casts into space, seen on the 
Moon during eclipses; by the gradual disap- 
pearance below the horizon of a ship at sea; by 
the fact that it can be circumnavigated, though 
this in itself is worth little; and is proved by the 
change in the elevation of the stars above the 
northern and southern horizons according to the 
observer’s change in latitude, and by actual sur- 
vey on the surface. 

THE ROTATION OF THE EARTH is suggested by 
the impossible speed required for the heavens to 
complete a daily revolution about a stationary 
Earth; is strengthened by the obvious fact that 
all the other members of the solar system are 
spherical and rotate; and is proved by the famous 
Foucault experiment several times repeated, 
which showed the Earth turning beneath a pen- 
dulum swinging in an undeviating plane. 

THE REVOLUTION OF THE EARTH AROUND 
THE SUN is the most simple way to explain the 
observed motions of all other celestial bodies. 
The fact that ай of the stars—that is all of those 
who are near enough to show a measurable mo- 
tion—describe annually on the celestial sphere 
exactly similar ellipses indicates strongly that 
this is the result of the Earth’s describing a sim- 
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ilar ellipse around the Sun, and that the stellar 
ellipses are only apparent. In brief, that our 
senses are again deceiving us. There is direct 
proof of the Earth’s revolution in the aberration 
of light, but for an explanation of this phenome- 
non the reader must turn to a more technical 
book. 

THE Mass or THE EARTH. Mass is too often 
mis-spoken of as weight. Weight is the measure 
of the gravitational pull upon the body in ques- 
tion; mass 15 the amount cf material that the body 
contains. The mass of a body does not change 
with its position; the weight of a body on the 
Earth varies inversely as the square of its dis- 
tance from the centre of the Earth. Weight, 
therefore, as regards astronomy is a misnomer, 
and we shall speak only of mass. 

The mass of the Earth has been determined 
by measuring its attraction pull on a pendulum, 
and more accurately by its effect on more deli- 
cate instruments using a similar principle. A 
full explanation requires more than the space 
available here. The mass of the Earth would 
weigh at the surface of the Earth some 6.5 
sextilltons of tons. 

DISTANCES IN THE SOLAR SYSTEM. These are 
measured in terms of what is known as the 
‘“‘astronumical unit’’—the distance of the Earth 
from the Sun. To determine this distance it is 
necessary literally to come to earth, and find some- 
thing definite to begin from. This something is 
the diameter of the Earth itself. An attempt to 
determine this, and a remarkably successful one, 
was made as early as the second century B.c. 
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by Eratosthenes—many scientists in those days 
believed that the Earth was a sphere—but it has 
never been possible to achieve absolute accuracy. 
However, the margin of probable error is now so 
small that it can have no serious effect on the 
calculations in which it is the basic factor. 

The diameter is ascertained by geometry from 
the surveyed measurements of the Earth’s size 
and shape. 

With this as a baseline, the distance of the 
Sun is worked out by triangulation in a method 
exactly similar to that used by a surveyor in 
measuring distances on the Earth’s surface. The 
brilliance of the Sun, and several other factors, 
however, present difficulties that prevent accu- 
rate enough results by this direct method, so 
that another is now used. One of the tiny mem- 
bers of the Sun’s family comes very near to the 
Earth. The position of this star-like point of 
light is easy to measure by triangulation, and, 
finding first, by this means its distance from the 
Earth in miles, and then how much farther away 
frorn the Sun it is than the Earth is, it becomes 
schoolboy mathematics to turn the Earth’s dis- 
tance from the Sun into miles. 

From the aberration of light, it is possible to 
calculate the speed the Earth travels in its orbit. 
Knowing this and the time it takes to complete 
its revolution, it is simple to figure the size of 
the orbit, and from this the radius of the orbit; 
that is, the Earth’s distance from-the Sun. 

With the ''astronomical unit” established it 
becomes a straightforward matter of surveying 
—-although, of course, very delicate work must 
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be done—to determine, in terms of that unit, 
all other distances in the solar system. 

STAR DisTANCES. Тһе first measurement of 
the distance of a star was made by triangulation. 
In this case, no baseline on the Earth itself 
could be long enough, and so the diameter of 
the orbit of the Earth was used. A star of large 
proper motion was picked as being probably 
comparatively near; this was a small star in the 
constellation Cygnus (61 Cygni) just visible to 
the naked eye. Observations were made at one 
time of the year, and six months later, when the 
Earth was on the other side of its orbit—in 
other words at the opposite end of a baseline 
186 million miles long—other observations were 
made. The apparent shift of the star on the celes- 
tial sphere, caused by the change in the Earth’s 
position, was measured, the mathematical tri- 
angle drawn and the distance calculated. The 
original measurement, made by Bessel in 1838, 
was in close accord with the more accurate 
measurements made since with better instru- 
ments. The star proves to have a parallax, 
which is the term for the apparent shift, of .30 
seconds of arc (0’’.30). This translated into 
distance in miles becomes a figure without any 
real meaning; roughly 60,000,000,000,000. This 
parallax, by the way, is equivalent to a shift of 
one inch (the diameter of a twenty-five cent 
piece) seen from a distance of about 11 miles! 
A measurement of amazing delicacy, yet it is 
safe to say that parallaxes of only 1/30 of this 
amount can be detected with certainty by modern 
photographic methods. 
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It will readily be seen that our earthly unit of 
a mile is useless for such vast measurements, and 
even the “astronomical unit” of 93,000,000 miles 
becomes too small. Astronomers, therefore, 
were forced to find a unit far greater, and turned 
to the “light year," explained in the previous 
chapter. With this standard, we can express 
the distance of 61 Cygni in comprehensible 
terms: 10.9 light-years; which means that the 
light we see now left that star so many years ago. 

Even this unit proved unsatisfactory, and a 
new one has been devised: the parsec. This is 
the distance from the Earth a star would be that 
showed a parallax of one second of are (1".0). It 
is equivalent to 3.258 light-years, and is some 
18,000,000,000,000 of miles. (See Note p. 39.) 

'This method of direct trigonometrical meas- 
urement quickly reached its limit. It has pene- 
trated about as far into space as seems possible. 
'That does not mean that the distances of more 
stars will not be found by this means, merely 
that it is doubtful that the parallax of any more 
distant than the 300-odd now accurately meas- 
ured can be determined. Further soundings of 
the depths of space must turn to indirect meth- 
ods; these are not guesses, but are deductions 
based on the sure foundations of our present 
knowledge. 

As stated in the previous chapter, the apparent 
magnitude of a star results from two things, its 
real or intrinsic brightness and its distance from 
us. For many investigations a knowledge of the 
intrinsic brightness is of great importance and 
the term absolute magnitude is used to denote 
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this. The absolute magnitude of a star is graded 
by what its apparent magnitude would be at a 
distance of 10 parsecs. In this grading, the 
Sun’s absolute magnitude would be +4.7; that 
is, if the Sun were removed to a distance of 10 
parsecs, it would appear as a star of about fifth 
magnitude. ''Some stars are known of absolute 
magnitude brighter than —5, while the faintest 
at present known has an absolute magnitude of 
+16.5. This range in brightness represents in- 
tensities exceeding the ratio 400,000,000:1.” 

Careful study of certain spectrum lines of 
many stars has shown that there is close relation 
between the relative intensity of these lines and 
the star's absolute magnitude; a relation so close 
that it is now being used “with marked success 
as a measure of absolute magnitude." "That is, 
the spectrum of a star indicates how luminous 
it actually is. When the absolute and the 
apparent magnitudes are known, it is of course 
simple to figure the distance of the star. (See 
Sizes of the Stars.) 

The great distances of the star clusters and 
some of the spiral nebule are determined also 
by establishing the relation between the apparent 
and the absolute magnitudes of certain stars; 
but in a different way. Some years ago, Miss 
Leavitt of the Harvard Observatory noted a 
marked relation between the periods of light 
variation and the brightness of many Cepheid 
variables, the pulsating stars described in the 
previous chapter. The stars with the shorter 
periods were the fainter, and those with the 
longer periods the brighter. Careful study of 
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many photographs, and the actual parallax 
measurements of some Cepheids, has established 
the Leavitt-Shapley law that these differences 
in magnitude are absolute as well as apparent; 
that is, a Cepheid with a period of five days is 
actually intrinsically brighter than one with a 
period of one day, etc. Furthermore it has been 
possible to make a curve showing the relation 
of the periods to the absolute magnitudes of all 
stars of this Cepheid type. If, therefore, Ce- 
pheids can be found in the clusters or nebule, 
as has been done by Hubble, the procedure is 
simple. The period of the star tells us how 
bright it really is, we compare the light we re- 
ceive from it with the amount that would reach 
us if the star were at a known measured distance, 
and an easy problem in proportion gives the real 
distance. It is like measuring how much farther 
away one lamp is than another if both are known 
to give exactly the same amount of light. The 
Cepheid variable is our ‘‘standard candle.” 
THE MOTIONS OF THE STARS are determined 
by actual measurement. The Proper Motions 
are measured by a micrometer scale that can 
check minutely any shift of a star on the celestial 
sphere. An ingenious method is often used to 
draw attention to the movement. Two photo- 
graphs of the same section of the sky are made 
at different times. These photographs are then 
placed on either side of a partition which comes 
between the observer’s eyes, like that in a 
stereoscope, so that: with his left eye he sees 
only the left-hand photograph, and with his 
right eye only the other. The observer then 
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alternately opens and shuts each eye. If there 
has been any appreciable shift in the position 
of a star during the interval between the taking 
of the pictures, the image of that star will seem 
to jump back and forth, while the other star 
images will remain stationary. This is called 
the “blink” method, and is used in making 
other comparisons of similar photographic plates. 
The Radial Motions are revealed by the spectro- 
scope as explained earlier in this chapter. The 
Actual Motion of a star in space is the combina- 
tion of these two movements, the proper motion 
and the radial motion, corrected by a proper 
allowance for the Earth’s motion in space, for 
these observed motions of a star are only relative 
to the Earth. The diagram shows how the two 
motions resolve to the true motion in relation 
to the Earth. 
Osserveo Shier 
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As the Sun is a star, and all of the stars are in 
motion, the Sun should show a motion of its 
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own. It does; and this is measurable. If the 
Sun is moving toward a certain part of the sky, 
the stars in that part should seem to be moving 
away from each other, and the stars in the oppo- 
site section of the heavens appear to be drawing 
together, this as a direct result of perspective. 
The careful investigation of the proper motions 
of over 5,000 stars shows just this effect, and 
indicates that the Sun is moving toward the 
bright star Vega in the constellation Lyra. 

The radial motions of the stars should also 
show a general approach of those in one part of 
the sky and a general recession of those in the 
opposite part. They do, and the result is in 
accord with the proper motion effect. 

As a result of the Sun’s motion, which is cal- 
culated to be at a speed of about 12 miles per 
second along what is called the Sun’s Way, the 
Earth and the other planets do not move in 
ellipses 1m space, but in great spirals. (See dia- 
gram on p. 159.) This is one of the Earth’s 
motions that must be considered in all calcula- 
tions of stellar motions. 

THE SIZES OF THE STARS. Up to a few years 
ago, the only information we had secured con- 
cerning the sizes of any of the stars was that we 
were able to obtain from the study of variable 
stars of the eclipse class. "This, of course, excepts 
the Sun. As the two stars of an eclipsing vari- 
able revolve about their common centre of grav- 
ity, the spectroscope can ascertain the speed of 
the orbital motion. From this it is possible to 
figure the size of the orbit; and the duration of 
the eclipse, measured for us by the decrease in 
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light, offers a means to determine the sizes of 
the two stars. 

Several theories, however, had ee that 
there might be stars of huge dimensions, and 
three astronomers, using only theoretical con- 
siderations, calculated the diameter of the star 
Betelgeuze. Тһе results were all stupendous. 
Then, in 1920, Pease of the Mt. Wilson Observa- 
tory, with the aid of the great telescope and an 
“interferometer,” designed by Michelson, actu- 
ally measured the diameter of this same star. 
His result was “іп remarkable accord with the 
calculated values." The theory of the inter- 
ferometer and the method of using it are far 
too complicated to explain here. 

The mention of the theoretical calculations of 
Eddington, Russell and Wilsing, and the proof 
of their soundness, is made that the reader may 
see that such calculations, though they may not 
achieve real accuracy, cannot be dismissed as 
mere guesses. This is worth remembering in 
connection with other theories. 

GIANT AND DWARF Stars. Since the measure- 
ment of Betelgeuze, several other stars have 
been measured by the same method, and the 
results offer evidence in favor of the general 
correctness of another theory. 

The all-important spectroscope has long since 
classified the stars according to their condition, 
and the classes have been assigned letters, M, 
K, G, F, A, B, and more recently, O. These 
have been again subdivided. 

An evolutionary scale was at once suggested, 
beginning with the hot, and supposedly young 
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stars, the B’s and the O’s, and passing down to 
the old, cooling-off, red stars of the M type. 
That was all very well, but how did the young 
stars get hot? It was Prof. Russell who proposed 
the first logical explanation. His theory in 
brief is: 

The matter which goes to make a star is at 
the beginning a mass of gas which is gradually 
drawn together by its own gravitation. This in- 
creases the density of the mass, and, as а result 
of this, the temperature begins to rise. Soon 
(n stellar reckoning of time) the star becomes 
hot enough to shine, as one of the M type, with 
a reddish glow, but giving out an enormous 
amount of light because of its great size. The 
density is still very low, probably less than 
what we call a vacuum. As the density still in- 
creases under the gravitational pull of the star's 
own particles, the temperature rises higher and 
higher, the star meantime passing upward 
through the various classes to the O type, which 
has recently been proved the hottest. It also 
passes through the various color changes from 
red, through yellow, to bluish white. “Ву this 
time, however, the density becomes so great 
that radiation equals the amount of heat devel- 
oped by contraction and finally exceeds it. The 
star then begins to cool and shrink, the spectrum 
becoming, in turn, of B, A, F, G, K, and M 
type." Now the star is many times smaller than 
at the beginning and is a “dwarf” instead of 
a "giant." 

This theory ““seems a reasonable explanation 
of the changes a star might be expected to go 
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through in the course of its history, and is in 
accordance with many observed facts." The 
size and condition of Betelgeuze, Antares and 
several other measured stars is one of these; 
they are all giants, all of low density, all of low 
surface brilliancy and all of spectrum type M. 

The spectroscope, then, will tell us that a star 
is of a certain type, and is either a giant or a 
dwarf of that type. Will it tell us which of the 
two? Yes. It was Hertzsprung who first no- 
ticed that the whiter stars were all of about the 
same luminosity, but that the stars of each 
deeper color divided themselves into two groups, 
one of high, one of low luminosity. As the 
spectrum scale was descended from the O, B, 
to the K, M, types, the differences in the lumi- 
nosities of the groups increased. That is, while 
the two yellow star groups differed a thousand 
times in brightness, the very red star groups 
differed ten thousand times. Later, he found in 
the spectra of certain stars that a particular line 
was more conspicuous for the giants than for 
the dwarfs. From this Kohlschütter developed 
a method of determining the absolute magnitude 
of a star from its spectrum. 

It will readily be seen, therefore, that the 
spectrum of a star can give us a strong indication 
of its size. 

Recent discoveries, notably the facts concern- 
ing the Companion to Sirius (which are given 
in the text accompanying the constellation Canis 
Major), and Eddington’s theory regarding the 
radiation of mass, will probably cause some 
modification of Russell’s theory; indeed he, him- 
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self, has proposed a change regarding the prin- 
cipal source of heat of the stars, suggesting in- 
ternal disintegration of matter rather than 
increasing density; but the fundamental theory 
of a giant-dwarf evolutionary scale seems des- 
tined to remain for the most part as it is. 

AGE AND COLOR OF THE STARS. The foregoing 
paragraphs show how closely associated age and 
color are with the sizes of the stars. It is there- 
fore not necessary to devote special space to 
them here. It may be said, however, that “ме 
seem to require a time-scale which will allow 
at least 10,000,000,000 years for the age of the 
Sun" (Eddington), and the Sun is placed some- 
what more than half-way down the scale of 
dwarf stars. 

Mass OF THE STARS. For any direct knowl- 
edge of the masses of stars, we must turn again 
to the close double stars, the binaries that re- 
volve together about a common centre of grav- 
ity. If we can measure the distance of the 
system from us, we can find the mass of the 
two stars; for the spectroscope will measure for 
us the speed and direction of the stars' motions 
in their orbit, and we can plot the orbit and 
measure its size by applying the law of gravita- 
tion, which is just as much in control of the 
motions of the stars as it is of the planets in 
the solar system. 

Having found the combined mass of the two 
stars, it is often possible, by noting the amount 
of motion each one makes, to divide the com- 
bined mass properly and to assign each com- 
ponent of the double its correct amount. The 
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Earth-Moon system revolves about a common 
centre of gravity, as do all revolving bodies, but 
owing to the much greater mass of the Earth the 
gravitational center is far closer to the center 
of the Earth than to the center of the Moon; 
in fact it is in this case below the surface of the 
Earth. The Earth’s motion, then, is a sort of 
eccentric turning about this point, while that 
of the Moon is a wide-swung ellipse. A distant 
observer measuring these motions and their time 
could, with the aid of the law of gravitation, 
find the combined mass of the system and assign 
to the Earth and Moon each its proper share 
of that mass. This is just what we do in the 
case of a double star system. 

From all the data as yet gathered, we find that 
there is a great similarity between the masses 
of the stars. We have yet to discover one with 
as little as one-tenth the mass of the Sun, and 
those with as much as twenty times the mass are 
scarce, though a few have been found with masses 
running up to somewhat over fifty times. Some 
few years ago, Eddington published calculations 
showing that a star only one-tenth the mass of 
the Sun could never become luminous, and that 
one whose mass was 100 times that of the Sun 
either could not form at all or would blow itself 
to pieces by its own radiating energy. 

The similarity in the mass of the stars is so 
close that it is possible to reverse the double star 
problem, and, by assuming the mass of a double 
star to be equal to the average, to calculate the 
distance of the system. ‘‘ Distances derived in 
this way are very reliable.” 
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Eddington has also recently demonstrated that 
there is a very close relation between the lumi- 
nosity (the absolute magnitude, not the appar- 
ent) of a star and its mass. He has covered a 
wide range of magnitudes, and the comparison 
of his “curve,” which was drawn from theory, 
with the known absolute magnitudes and masses 
of stars shows a remarkably small variation. It 
is therefore possible to calculate the mass of a 
star from its luminosity. 

It may interest the reader to know that the 
Einstein Theory of Relativity limits the mass of 
a star in a different way. According to the theory, 
matter curves space, and if too much matter were 
accumulated in one body (for instance, a globe of 
water 400,000,000 miles in diameter, which is the 
measured size of the star Antares), it would curve 
space so much that it would close it ир around 
itself and there would be no space left for any- 
thing else, and the globe couldn't be bigger! 

TEMPERATURES OF THE STARS. Until recent 
years, it was possible only to estimate stellar 
temperatures. The temperature of the Sun 
could be measured, and with this as a basis, 
together with the obviously sound deduction 
that, in the spectral series, the blue-white B 
stars must be hotter than the yellow G, and the 
G hotter than the dull red M stars, reasonably 
accurate calculations could be made. Since the 
improvements in instruments, the temperatures 
of ‘‘ More than a hundred stars (124 to be exact), 
including some of almost every known variety, 
have been measured. . . . With the perfected 
equipment, radiation which sufficed to heat the 
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receiver by less than 100,000th part of a degree 
has been measured, and any star which can be 
seen with the naked eye is within the reach of 
the apparatus.’’—(Russell). Тһе stellar tem- 
peratures range from about 3,000 degrees for 
the M type stars to about 22,000 degrees for the 
O type. 

These temperatures are, of course, surface 
temperatures; for we can receive only the heat 
and light that escapes from the star by radiation 
from the surface. The internal temperatures 
must rise to the millions of degrees. In fact, 
basing his calculations on the necessity for an 
expansive force (and hence heat) in the inner 
portions of a star to offset the pressure of the 
outer portions, Eddington shows that the tem- 
perature at the centre of the average star must 
be about 40,000,000 degrees. He says in part: 
“Do not think that 40,000,000 degrees is heat 
so extreme that temperature has become mean- 
ingless. These stellar temperatures are to be 
taken quite literally." Temperature is merely a 
way of expressing how fast the atoms and mole- 
cules of a substance are moving. ''For example, 
at the temperature of this room, the molecules 
of air are rushing about with an average speed of 
500 yards a second; if we heated it to 40,000,000 
degrees, the speed would be just over 100 miles 
per second. ... For an astronomer this is the 
most ordinary degree of speed. . . . Theexperi- 
mental physicist is quite contemptuous of it, for 
he is used to handling atoms shot off from radium 
and similar substances with speeds -of 10,000 
miles a second." 
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The study of the constellations should be 
taken up by Seasons in the order in which they 
appear in the table of contents. 

By following out the order indicated the 
student will in a few nights of observation be 
able to identify the various configurations that 
comprise the constellations conveniently situated 
for study in that time of year. 

A large plate, showing the appearance of the 
heavens at a designated time, on the first day 
of the quarter months, is inserted before the 
diagrams of the constellations selected for study 
in the respective seasons. This plate should be 
consulted before beginning the study of the 
heavens, in order to obtain a comprehensive idea 
of the relative positions of the constellations. 

A knowledge of one constellation enables the 
student to determine the position of the next 
in order. In this work, the identification of each 
constellation depends on a knowledge of con- 
stellations that precede it in the order given, 
always bearing in mind that each season is dis- 
tinct and separate from the other seasons, which 
enables the student to begin his study of the 
constellations at any time of the year. 
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The Apparent Motions of the Stars 


It may be that the student desires to proceed 
in this conquest of the sky at a more rapid pace 
than the scheme of study permits. To assist 
such, it should be borne in mind that the cir- 
cumpolar constellations, as Ursa Major, Ursa 
Minor, Draco, Cepheus, and Cassiopeia are 
called, are visible in our latitude in the northern 
sky every night. 

A reference to their diagrams, and a pem at 
any of the large plates showing the entire group 
in their respective positions, will suffice for the 
student to identify them. 

The hours of darkness alone limit the speed 
with which a knowledge of the constellations 
can be acquired. 

Let us suppose that the student begins his 
search for the constellations on the night of 
April rst, at nine P.M. He has for his guide the 
large plate, and the spring group of eleven con- 
stellations set forth in the diagrams. The 
remaining three constellations of the circumpolar 
group are, as we have seen before, visible in 
the north. 

If he faces the western sky, he will see Orion 
just setting, and the briliant Sirius in Canis 
Major hanging low. Farther to the north- 
west, ruddy Aldebaran drives.down before him 
the Hyades swarm in Taurus, and the Pleiades 
sink beside them. Perseus swings slowly north- 
ward to disappear at midnight for a short 
period behind the northern horizon. 

In the southeast, Virgo may be seen, and in 
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the east, well up, blazes mighty Arcturus, the 
gem of Boótes, below which the circlet of the 
Northern crown leads upward the diamond head 
of Serpens and Hercules, just rising. 

These and the Spring group of twelve con- 
stellations set forth in the diagrams complete 
the list of wonders visible at this precise time, 
but the stars apparently are never still and 
doubtless, while the student has been passing 
from one constellation to another in the western 
and southern skies, others have been rising in 
the east and northeast. 

At eleven P.M. the Lyre is up, and Ophiuchus 
and Libra can be discerned. At one A.M. Scorpio 
in the southwest and Cygnus in the northeast 
are ready to claim the attention. By two A.M., 
Aquila, Delphinus, and Sagittarius are rising, and 
at break of day Andromeda, Pegasus, and Capri- 
cornus are appearing. 

In no way. can the seeming movement of the 
stars be better understood than by actual obser- 
vation. The observer must bear in mind that 
the movement is an apparent one, that it is the 
earth that is moving and not the stars. He has 
only to think of the analogy of the moving train 
beside the one that is standing still, and the true 
state of affairs will at once be evident. 

'To appreciate further this apparent change in 
the situation of the constellations, the student 
should refer to the large plates successively. In 
each successive one. he will note the advance- 
ment-westward of the constellations mentioned 
above, rising in the east late at night. 

The student can best get an idea of this west- 
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ward apparent movement of the stars by noting 
the position of some bright first-magnitude star 
from night to night. He will soon be able to 
calculate the position of this star a month or 
more ahead, and this calculation applies to all 
the constellations and stars. 


The Diagrams for Constellation Study 


The diagrams of the constellations face the 
text, and depict in each case their appearance in 
the sky in mid-season. 

To facilitate locating and observing the con- 
stellations, the student should face in the direc- 
tion indicated after the title of each constellation. 

The four large plates are so arranged that the 
observer is supposed to be facing south, with 
the diagram held overhead. By turning the book 
around in quarter turns, the eastern, northern, 
and western skies are shown successively. 

On many of the diagrams the positions of star 
clusters are indicated. These are designated by 
the initial letter of the astronomer who cata- 
logued them, as, for instance, 8 M. signifies star 
cluster number 8 in Messier’s catalogue. In 
some cases numbers alone are used; these refer 
to the numbers in Sir John Herschel’s catalogue. 


Stellar Magnitudes 


One other matter is essential in beginning the 
study of the constellations. It is highly impor- 
tant to be able to judge stellar magnitudes. 
Remember, magnitude, as it relates to the stars, 
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refers to luminosity, not mass; in other words, 
solely to the brightness of the stars as they 
appear to us, their apparent, but not their real 
brightness. A faint star may be far brighter than 
one that appears bright to us, for the reason 
that its light is diminished by the distance it is 
away from us. 

Face North on a clear and moonless night, be- 
ing careful to exclude all artificial light from 
the eyes. Locate Polaris, and then trace out 
the six other stars in the Little Dipper, using the 
Diagram for the constellation Ursa Minor if 
necessary. 

Here you will find stars of all the magnitudes 
visible to the naked eye except the first and 
sixth magnitude. Sixth magnitude stars are at 
the extreme limit of visibility for the naked eye. 
First magnitude stars are the brightest stars, 
and a standard first magnitude star is 2.5 times 
brighter than Polaris. The stars Aldebaran 
(in Taurus) and Altair (in Aquila) are good 
examples of first magnitude stars. 

The figures expressing the magnitudes of the 
stars appear above the dots representing the 
stars on the Diagrams. 


Polaris, the star that was used in measuring 
the light of all the stars, is a standard second 
magnitude star. Compare the light of Polaris 
with that of the star ү Ursa Minoris, which is of 
the third magnitude, by glancing back and forth 
from one star to the other. Polaris is 2.5 times 
brighter than gamma. Then compare in like 
manner the stars gamma and zeta, which is of 

69 


FIELD BOOK OF THE SKIES 


the fourth magnitude, and so on, always bearing 
in mind that the ratio of difference in luminosity 
between successive magnitudes is 2.5. 


29% 


Stellar Magnitudes. 


A star appears 2.5 times as bright as one a magnitude 
fainter in the scale. 


In a short time the eye becomes trained to 
observe slight differences in the light of the 
stars, and you will be able to judge accurately 
the magnitude of any star in the sky. 

The magnitudes assigned to the stars in the 
diagrams are derived from the Harvard Photom- 
ету. When a star is midway between two 
magnitudes the numeral is underlined, thus, 2 
indicates a 2.5 magnitude star. The stars in 
neighboring constellations are represented by 
circles. 

The Greek letter names of the prominent stars 
in the constellations are placed, in each case, 
below the dots representing the stars. In 
referring to stars, it is the practice to use the 
genitive case of the constellation; thus, the star 
Capella, which is alpha in the constellation 
Auriga, is called alpha Aurige. 
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A table in the Appendix gives the Greek 
alphabet, and the genitive case for all the 
constellations. 


The Diagrams for the Telescopist 


The diagrams represent the appearance of the 
constellations in the season in which they are 
placed, and favorable location for observation 
was chiefly considered in thus grouping them. 
The student can vary the arrangement to suit 
his convenience. 

The so-called ‘‘circumpolar constellations” 
(i.e. those that never sink below the horizon) 
are of course available fcr observation at any 
time of the year, and the student can choose his 
own time for studying them. 

Only the constellations visible in the latitude 
of the New England and Middle States have 
been included in this book. 

The author presupposes that the telescope to 
be used in connection with this book is not 
equipped with circles, otherwise recourse should 
be had to some such book as Webb’s Celestial 
Objects for Common Telescopes, for a more exact 
location of the objects of interest, in terms of 
Right Ascension and Declination. 

For the most part only double stars with a 
primary of the sixth magnitude or brighter are 
given, as it is difficult to direct the telescope at 
a star of lesser magnitude unless its position is 
accurately known. 

In searching for double stars many faint yet 
beautiful pairs and triples are observed, so that 
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it is well to have such a book as Webb’s, in order 
that these objects can be identified. 

The diagrams include over three hundred 
double stars, and many fine clusters and nebule. 

Considerable discrepancy will be noted in the 
colors assigned to the double stars, and those 
observed. The coloring in many cases is at best 
elusive, and atmospheric conditions and peculiar- 
ities of vision play an important part in deter- 
mining it. In a number of cases the colors are 
very pronounced and render the object of sur- 
passing beauty, as for instance in the great 
favorite 8 Cygni. The first color given is that 
of the primary or brightest star, the second color 
given is that of the companion. 


Star east, rising Star south Star west, setting 


. north preceding. 
. north following. 

. south preceding. 
. south following. 


оо вв 
њо њо 


Arrow indicates direction of star’s motion across the field. 


The field of view in the ocular or eye-piece of 
the telescope, is divided into quadrants. The 
accompanying diagram indicates their designa- 
tions, and also shows the direction of the motion 
of the stars across the field of view, and the 
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cardinal points of the field. In referring to the 
position of an object in the field, it is customary 
to use the initial letters in the quadrant where 
the object appears. 

The position angle measures the inclination to 
the meridian of a line drawn through the double 
stars. It shows the observer where to look for 


Position of Angle of a Double Star. 


Showing the double star beta Cygni; position angle 
55 degrees. 


the companion star, and is reckoned from О 
degrees to 360 degrees, beginning at the north 
point, and proceeding through the east, south, 
and west to the north. The student should bear 
in mind in this connection that in the telescope 
the north and south points are reversed. 
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Decimals are omitted from the distances given 
between the doubles, as, in the wider doubles, 
as most of those referred to in the text would 
be termed, absolute accuracy in measurements 
(which are from centre to centre, and in seconds 
of arc), is non-essential for purposes of observa- 
tion purely. | 

А three-inch glass should split stars that are 
distant from each other 2.3”. Of course this 
question of splitting doubles depends in a great 
measure on the power of the eyepiece used, the 
condition of the atmosphere, and the quality of 
the telescope and the eyesight of the observer. 
Serviss recommends a power of from fifty to 
seventy to the inch of aperture. The author has 
succeeded in seeing the great majority of the 
doubles mentioned in the text with a power of 
130. The diagram shows graphically the differ- 
ences between naked eye, field glass and tele- 
scope. See also curve showing the theoretical 
limits of the ‘‘seeing power' of telescopes of 
various apertures on p. 438. 

The following symbols are used in the dia- 
grams: 

O To indicate the double stars. 

+ To indicate the position of the nebula. 

@ To show the location of the star clus- 
ters. 

The following abbreviations appear in the 
text: 

—^A., Angle; D., Distance; H., Herschel; Mg., 
Magnitude; M., Messier; 2, Wm. Struve; 
ОЎУ, Poulkova Catalogue, Part II; P., Piazzi 
Smyth; ОХ, Otto Struve. 
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Field glass 
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Telescope 
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The Double-double Epsilon Lyre 
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A Scale of Celestial Measurements 


It is of great. importance and convenience to 
be familiar at the outset with a scale of celestial 
measurements, knowledge easy to acquire. 

All through this book, and other guides to the 
constellations, there are made, in indicating the 
constellations, individual stars, and objects of 
interest, references to the number of degrees that 
separate them from other stars. It is, therefore, 
essential to have an idea of these distances as 
measured in degrees on the celestial sphere. 

The accompanying diagram will afford the 
reader a standard scale. 

Face north and observe “Тһе Dipper,” (See 
also p. 80.) in the constellation of Ursa Major. 
The Pointer stars, alpha and beta Ursæ Majoris, 
are five degrees apart, and always point to the 
Pole Star twenty-eight and three-fourths degrees 
distant. From alpha to delta Отѕе Majoris 
is ten degrees. 

If these distances and measures are borne in 
mind as you pursue the study of the constella- 
tions, the directions given for locating the stars 
will be more easily understood, and you will be 
able to measure other distances. 

The diameter of the full Moon is just about 
one-half a degree. 

This information is of prime importance in 
describing the location of a meteor, or if the 
reader should be fortunate enough to discover a 
Nova or Comet. (See bottom p. 240.) 

Many nove have been discovered by amateurs 
with the naked eye. Nova Aurige and Nova 
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Ursa Minor 


Polaris 
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Ursa Major 


ato Urse Majoris— 5 degrees. 
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a Urse Majoris 
to Polaris = 283 ч 
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The degrees are those of a “ great circle." 
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Persei were both discovered by Dr. Anderson 
of Scotland. Dr. Anderson made it a practice to 
observe the heavens every fair night before 
retiring. His patience and persistence were 
rewarded by the discovery of several new stars. 

In concluding this chapter, it is suggested that 
it will be worth while for the naked eye and field 
glass observer to read the text accompanying the 
telescopic diagrams, and for the telescopist to 
read the naked eye and field glass text. Many 
items of interest to both are included in one text 
and are not repeated in the other. 

Note: The Planets are not shown on the diagrams of 
the constellations, as they change their positions. 

For approximate planetary positions for 1936 to 1942 
inclusive see diagram on p. 492. See also pp. 376 and 377. 
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THE “BIG DIPPER” AND THE NORTH STAR 


The first step in observational astronomy is 
the location of the Pole Star, named from its 
position “Polaris,” about which, as а wheel 
about a hub, the heavens seem to turn; this, 
because it marks the place toward which the 
axis of the Earth points. 

If you do not know where North is, a compass 
will direct you. Lacking that, face the direction 
of the setting sun, make a quarter turn to the 
right, and you will be looking northward. You 
should then have no difficulty in identifying the 
seven bright stars that form the well known 
“ӘБіс Dipper.” 

The diagram on the opposite page shows this 
figure. (See also p. 77.) 

You will note that a line drawn through the 
two stars forming the side of the “‘bowl”’ farthest 
from the “handle” of the dipper point toward 
another bright star. This is Polaris. 

The Dipper is the conspicuous part of the 
constellation Ursa Major, the Great Bear, and 
from the latitude of New York, and higher 
latitudes, never sets. It is visible each clear 
night throughout the year. 

It is well to note that the elevation or '' height" 
of Polaris above the horizon is always equal to 
the latitude of the observer. At the North Pole 
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of the Earth, latitude 90, Polaris would be 
directly overhead; at the equator, latitude о, it 
would be on the horizon. A moment’s consid- 
eration will show the simple reason for this. 
South of the equator, Polaris of course cannot 
be seen; it never rises. 


FACE NORTH 
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The positions assumed by the Dipper in the early 
evening each season. 
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The folded map opposite shows the principal 
stars visible from Latitude 40° N. at: 
9:00 P.M. April rst 
9:30 March 22 8:30 April 7 
10:00 March 14 8:00 April 14 
10:30 March 7 7:30 April 22 
The Times are Eastern Standard. 

Chart held in this position depicts Southern 
sky. Quarter turns of the book from left to right 
give correct views successively of Eastern, 
Northern and Western sky. 
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URSA MAJOR (er’-sa ma'-jor)— THE GREAT BEAR 
(Face North) 


(Location: This is given on page 80.) 
Mythology 


He who would scan the figured skies 
Its brightest gems to tell, 

Must first direct the mind's eye north, 
And learn the Bear's stars well. 


The Chaldeans, and the Iroquois Indians of 
our own land, both knew this constellation as 
"the Great Bear." By no stretch of the imagi- 
nation can the figure of a bear be traced out of 
the stars in this region, and it is one of the great 
mysteries as to how the constellation came to 
be so named. 

There can be no question as to the great 
antiquity of the constellation Ursa Major, for 
it is a conspicuous star group and must have 
attracted universal attention at a very early 
date in history. 

There are a great many fascinating legends 
relating to this constellation contributed by the 
people of all lands from the earliest times. Only 
a brief reference to them can be made here. 

According to a very ancient legend the Bear 
represented Callisto. the daughter of Lycaon, 
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King of Arcadia. She was beloved by Jupiter 
who changed her into a bear to protect her from 
Juno’s wrath. Before Jupiter had effected this 
change, Callisto was almost killed inadvertently 
by her little son Arcas, who, seeing the bear and 
not knowing it was his mother, was about to kill 
the creature. То avert this disaster Jupiter 
transferred Arcas and Callisto to the skies, 
changing Arcas into a little bear and placing him 
in the heavens near his mother. 

In England, “the Dipper” is called ‘‘the 
Plough” or ‘‘Charles’s Wain. ” 


URSA MAJOR 


For the Naked Eye and Field Glass 


The stars а and В Urse Majoris in “the Dipper” are 
called “the Pointer Stars," as they invariably point to 
the Pole Star, 2834° from alpha. 

e Ursæ Majoris is very nearly opposite alpha Cassiopeie, 
and these two stars are at an equal distance from the Pole. 

The star o Urse Majoris marks the tip of the Bear's 
nose. A clearly defined semicircle of faint stars begins at 
omicron Urse Majoris, and ends in the pair « and к 
Urse Majoris that mark the Bear's right forepaw. This 
group resembles a sickle. 

Note the little star Alcor, close to Mizar. The Arabs 
called these stars “the Horse and the Rider," and the star 
Alcor was regarded by them as a test of good eyesight. 
There is an attractive grouping of stars near for an opera 
or field glass. 

The entire figure of the Great Bear circles about the 
Pole once in twenty-four hours. This is, of course, an 
apparent motion due to the rotation of the earth. A line 
connecting the ''Pointer Stars" with Polaris may be 
regarded as the hour hand of a clock. With a little prac- 
tice the time of night can be ascertained to an approximate 
degree by observing the position of this stellar hour hand. 

When we see the “Вір Dipper’’ high in the sky in the 
early evenings in May, it is over Canada. When it is near 
the horizon it is over Siberia, and we are looking at it 
across the North Pole. 

In the early evening hours in the Spring, the “Dipper” 
will be seen high in the northern sky above the Pole. 
In Summer, it is to the left or west of Polaris. In the 
Fall look for it close to the horizon below the Pole, and 
in the Winter it will be found to the right or east of the 
Pole Star. (See diagram, p. 81.) 
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For the Telescope 


“This familiar constellation offers a large field to the 
persevering observer.” 


Double Distance Angle 
Star Magnitude Seconds Degrees Remarks 
$ 2-4 I4 147.6 Both white. Alcor in 
same field. View in 
opera-glass. 
23 3.8-9 23 272 Fine color contrast. 
c? 5-8 4 263 
57 5.2-8.2 5 10.7 
= 1415 6-7 16 167 
= 1561 6-8 10 266 
= 1495 6-8.3 34 38 
5 1520 6.5-7.8 ІЗ 345 
65 6-8.3 3 36.5 


Note the two fine nebulae, 1949 and 1950, separated by 
only half a degree. 2843 (M 97) is a large planetary 
nebula called “Һе Owl Nebula." South of the Spiral 
Nebula, 3572, is the second magnitude star Cor Caroli, 
a beautiful and easy double for a small telescope. 

f is probably the best known double star in the heavens, 
and one of.the most beautiful. It was the first double 
star discovered. This discovery was made by Riccioli in 
1850. In 1889 Professor E. C. Pickering discovered that 
the star was also a close binary. Its period is 20 days 
and r3 hours. The mean distance between the two com- 
ponents is about r9 million miles. The star is 72 light 
years distant, and has the distinction of being the first star 
daguerreotyped by Bond. 


(Continued on page 9o.) 
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For the Telescope—Continued 


у lies in a particularly attractive field. 

The stars В, y, 9, є and $, all in the ‘‘Dipper,” together 
with a few other stars in the neighborhood, form a closely 
related system. These stars are from 90 to 100 light years 
distant. They are all moving in the same direction, and at 
the same rate of speed, like a flock of geese flying across the 
heavens. There are several bright stars that are considered 
a part of this group of stars, although they appear to be far 
distant from them in the sky. These stars are В Aurigze, 
alpha Coron, and Sirius. The point from which the 
motions of all these stars appear to be directed is on the 
borders of Ursa Major, and is pointed out by a line from 0 
through к Urse Majoris, carried as far again. 

Of the seven stars in “the Dipper,” five, as noted above, 
are moving in the same direction. Alpha and n Urse 
Majoris are, however, moving in an opposite direction, 
both receding at the same rate from a point in the sky not 
far from Vega in Lyra. The contrary motions of these stars 
in "the Dipper" will, in the course of thousands of years, 
greatly distort the familiar figure we now know as “the 
Dipper” so as to render it unrecognizable. At the rate of 
speed these stars are moving, it would take, according to 
Professor Russell, 150,000 years for them to traverse five 
degrees, that is, the distance between “the Pointer Stars.” 
These stars, according to Dr. Ludendorff, are all receding 
from a common “radiant point” which lies about half way 
between к Urse Majoris and Pollux in Gemini. They 
are approaching our system at rates varying in velocity 
from seven to ten miles a second. 
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URSA MINOR 


URSA MINOR (er’-sa mi’-nor)—THE LITTLE BEAR 
(Face North) 


, 


Location.—The two ‘Pointer Stars," alpha and beta 
Ursa Majoris, indicate the position of Polaris, the North 
Star, alpha Urse Minoris. This famous star marks the 
tip of the tail of the Little Bear, and the end of the handle 
of ‘‘the Little Піррег.” 


Mythology 


On thy unalterable blaze 

The half-wrecked mariner, his compass lost, 
Fixes his steady gaze, 

And steers, undoubtingly, to the friendly coast. 


You will read in the mythological references to 
the constellation Ursa Major, the legend which 
connects that constellation with Ursa Minor. 

'There is a beautiful Indian legend relating to 
the Little Bear. A hunting party of Indians had 
lost their way in the forest, and prayed to their 
gods to point out to them the homeward path. 
In answer to their prayer a little girl appeared, 
who informed them that she was the spirit of the 
Pole Star and had been sent to guide them. 
They followed her and soon reached home in 
safety. Ever after they called the Pole Star 
"the Star which never moves." At their death 
the hunters were transported to the sky and 
forever follow the faithful Pole Star. 
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For the Naked Eye and Field Glass 


Polaris, contrary to general belief, is not located at the 
exact Pole of the Heavens, which is the extension of the 
earth’s axis on the celestial sphere. As a matter of fact, 
the Pole Star is 114° from the true Pole. Polaris is a 
standard second magnitude star, and its light has been 
compared with all the other lucid stars, and thousands 
of stars invisible to the naked eye, in order to derive their 
magnitude. 

Polaris is а star of the solar type. Itis 470 light years dis- 
tant and 2500 times as bright as the sun. It is approach- 
ing our system at the rate of 15 miles a second. It revolves 
around the Pole once in 24 hours in а circle 234° in diam- 
eter. Within this circle 200 stars have been photographed. 

The North Star is always as many degrees above the 
horizon as the observer is north of the Equator. If you 
were at the North Pole, Polaris would shine directly over- 
head. If you stood on the Equator, Polaris would be on 
the horizon. 

Polaris is a triple system of suns, as it is a spectroscopic 
binary with a'period of 3.97 days, and has in addition 
a'/ninth magnitude companion. 

Compare the light of the different stars in Ursa Minor 
as a means of estimating stellar magnitude. 

The stars y and 8 Urse Minoris are called "the Guar- 
dians of the Pole.” 

Owing to the Precession of the Equinoxes, the position 
of the true Pole is continually but slowly changing, follow- 
ing a circle around the Pole of the Ecliptic, which lies in 
the constellation Draco. 

It takes the North Pole about 26,000 years to complete 
its great circle. About the year 7500 A.D. the star alpha 
Cephei wil! be the North Star. In 13,500 A.D. Vega will 
be the Polaris of the sky, and about the year 21,000 A.D. 
alpha Draconis wil again be the North Star. (See 
diagram p. 36.) 
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For the Telescope 


The following double stars in this region of the sky are 
a few of the many that await observation. 


Double Magnitude Distance, Angle Remarks 
Star Seconds Degrees 
a 2-9 18 210 Yellowish-White-Blue. 
ті 6-7 30 83 Both yellow. 
40-41 5-6 20 235 In Draco. A fine 
double. 
ӨХ 262 7.3-8.2 28 182 


If you have a three-inch telescope, and good atmos- 
pheric conditions, you should be able to see the companion 
to Polaris, but it is not an easy object. 

If you have difficulty in seeing faint companion stars, 
try the method of averted vision, or gazing intently at a 
distant part of the field of the ocular. This method brings 
intc use the more sensitive parts of the retina and succeeds 
where direct vision often fails. 

For locating this little blue companion of the North 
Star the following facts may be of service. During the 
early evenings of October, November, and December, the 
companion is below Polaris. During April, May and June 
it is above. It is to the left of the North.Star in July, 
August and September, and to the right in January, 
February and March. 
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GEMINI 
GEMINI (jem'i-ni)—THE TWINS (Face West) 


LocaTion.—A line drawn from В to к Urse Majoris, 
prolonged an equal distance, ends near the bright star 
Castor, alpha Geminorum. 


Mythology 


Tender Gemini in strict embrace 
Stand clos’d and smiling in each other’s face. 


MANILIUS. 


The two bright stars Castor and Pollux have 
been known as ‘‘the Twins" from the earliest 
times. The Arabs regarded them as ''Two 
Peacocks,” the Egyptians ''two Sprouting 
Plants," and the Hindus ‘‘twin Deities.” 

Since classic times the constellation has 
figured as the Twin youths, Castor and Pollux. 

There is a wealth of myth and legend relating 
to the Twins. 

Mythology links the Twins with the adventur- 
ous band, known as ‘‘the Argonauts,” that 
sailed with Jason to secure the Golden Fleece. 

Castor and Pollux were said to be the sons of 
Jupiter and Leda. Castor excelled in the 
management of horses, while Pollux was famous 
as a soldier and pugilist. 

When the Roman soldiers charged the foe 
in battle, they thought that Castor and Pollux 
led them on to victory. 
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The twins were great favorites with mariners 
who sailed the seas in ancient times. In honor 
of them the electrical effect known as ‘‘St. 
Elmo’s Lamps,” that dart about in the rigging 
of ships in a storm, were known as ‘‘Ledean 
Lights." 

Macaulay celebrates the Twins in his famous 
poem, The Battle of Lake Regillus."' 

There is a record of a lunar occultation in 
Gemini that was observed about the middle of 
the fourth century B.C. 
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For the Naked Eye and Field Glass 


The constellation is characterized by two nearly parallel 
rows of stars, the northern extending in the direction of 
Taurus, the southern towards Orion. 

An isosceles triangle is formed by the stars Castor in 
Gemini, Aldebaran in Taurus, and Capella in Auriga. 

The point where the ecliptic crosses the solstitial colure 
(see Diagram) is the spot where the sun appears to be 
when it is farthest north, about June 2156 of each year. 

At the point indicated on the Diagram near the star 0 
Geminorum, a new star was discovered by Enebo, March 
12th, 1912. It attained a maximum brilliance of about 
3.5 magnitude, and is now a faint star below the eleventh 
magnitude. 

From December roth to 12th meteors may be observed 
near the head of the Twins, marked by the stars Castor 
and Pollux. These meteors are swift in their movements, 
and leave short trails. 

From October 18th to the 20th there is a meteoric 
shower radiating from the feet of the T wins. 

Gemini is well placed for observation in the early 
evening, about January rst in the east and about June 
Ist in the western sky. 

Those equipped with opera or field glasses will be able 
to locate the star cluster M35. Two wonderful streams 
of little stars run parallel northwest on each side of the 
cluster. 

The star » Geminorum is historically interesting. It 
was near this star that Sir William Herschel, in 178r, 
observed the object which he found to be an unknown 
planet, the planet subsequently known as ' Uranus." 

For a similar reason, the star à (delta) Geminorum is 
of interest. Close to this star the planet Pluto was photo- 
graphed by the Lowell Observatory and found by C. W. 
Tombaugh of that observatory in 1930. See p. 405A, and 
plate facing p. 405 C. 
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GEMINI 


For the Telescope 


The constellation Gemini is a rich field for the telescopist. 
Webb notes over 50 double stars, only a few of which 
can be cited here. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
a 2-3 6 225 Both greenish white. 
Binary. A beautiful 
object. 
С 3-7 94 350 Yellow-Blue. Primary 
Variable. 
IS 6-8 33 205 White-Blue. 
38 5.4-7.7 5 174 Yellow - Blue. Fine 
contrast. 
8 3.7-8 7 210 Yellow-Red or purple. 
€ 3-9-5 110 94 
v 4-8 II3 330 
20 6- 20 209 
А 3.5-10 10 30 Greenish-Blue. Dif- 
ficult for 3 in. glass. 
к 3.7-8 6 235 Orange-Pale blue. 


The stars т and и both have 11th magnitude com- 
panions distant 22” and 72” respectively. 

' has a remarkable array of stars near it, and there is 
a rich field in the region around the star 7 Geminorum. 

Herschel regarded Castor as the largest and finest of all 
double stars in our hemisphere. It was observed to be 
double by Bradley in 1750. The two components make 
a complete revolution in a period exceeding 300 years. 
It was the first binary star discovered, a fact ascertained 
in 1803. The star has a spectrum of the Sirian type. 
Castor has a third attendant, a faint star, 73” distant, 
with a period probably exceeding 10,000 years. It has 
now been determined that the three components of Castor 
are spectroscopic binaries, so that the system really 
consists of six stars. 

Castor has a proper motion of 8 miles a second, and is 
43 light years distant. 


(Continued on page 102.) : 


IOO 


GEMINI 


IOI 


GEMINI 


For the Telescope—Continued 


Pollux is 32 light years distant, has a proper motion of 
18 miles per second, and is receding from our system at 
the rate of 1.9 miles a second. It is a multiple star having 
at least 6 components, most of which are very faint. 

A few centuries ago Castor was brighter than Pollux, 
which now exceeds it in brilliance. One of these stars is, 
apparently, slowly changing in brightness, but thus far 
we have been unable to determine which star is variable. 

The cluster 1360 (M 35) is one of the finest clusters in 
the heavens. A marvellously beautiful object. No one 
can observe it for the first time without an exclamation 
of wonder and delight. 
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AURIGA (&-ri-ga)—THE CHARIOTEER 
(Face Northwest) 


LocaTion.—A line drawn from delta to alpha Urse 
Majoris, and prolonged about 45 degrees, ends hear the 
brilliant first magnitude star Capella, in the constellation 
Auriga. The star is unmistakable, having no rival in 
brightness near it. 


Mythology 


The constellation of Auriga is extremely 
ancient. According to the Greek legend the 
figure represents Erichthonius, fourth King of 
Athens, the son of Vulcan and Minerva. He 
was deformed, it is said, and his inability to 
walk with ease led him to invent the four horse 
chariot. His invention secured for him a place 
in the sky, the celestial Hall of Fame. 


His art great Jove admir'd, when first he drove 
His rattling carr, and fix't the youth above. 


According to another story, Auriga was the 
son of Mercury, and the Charioteer of Oenomaus, 
King of Pisa. He was reputed to be most skillful 
in the training of horses, and those trained by 
him were the fleetest steeds in Greece. 

The constellation Auriga appears in the Greek 
star lists of Eudoxus (4th Century B.C.) and 
Aratos (3rd Century B.C.). 

The star Capella has an interesting history. 
Mythologically, it represents the She Goat which 
suckled the infant Jupiter. The story runs that 
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AURIGA 


Mythology—Continued 


having in play broken off one of the Goat’s 
horns, Jupiter endowed the horn with the power 
of being filled with whatever the possessor might 
wish, whence it was called ''the Cornucopia,” 
or ‘Horn of Plenty." 

In India, Capella was worshipped as the Heart 
of Brahma. The ancient Peruvians called it 
'Colca" and connected it with the affairs of 
Shepherds. English poets have also alluded to 
it as ‘‘the Shepherd's Star.” 

On an old tablet in Akkadian there is inscribed 
an allusion to Capella, it being designated as 
“the Star of Stars." This is the most ancient 
reference to the star extant. 

Capella's place on the Denderah Zodiac is 
occupied by a mummied cat, in the outstretched 
hand of a male figure crowned with feathers. 
'The star was the object of worship in the great 
temple of Karnak in Egypt. To the Arabs 
Capella was known as ''the Driver," because 
it seemed to rise earlier than the other stars and 
so, apparently, watched over them; or, still more 
practically, as ''the Singer" who rode before 
the procession cheering on the camels, which 
last were represented by the Pleiades. 

Capella was regarded by the early astrologers 
as having a stormy character, and associated 
with inclement weather, and it was sometimes 
called ‘‘the rainy Goat Starre." It portended 
civic and military honors and wealth. 
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AURIGA 


For the Naked Eye and Field Glass 


Auriga is a beautiful and conspicuous constellation. 
It is characterized by a clearly defined pentagon of stars. 
Note the three fourth magnitude stars near Capella form- 
ing a triangle. They were known to the Arabs as “the 
Kids.” 

The star Nath, or beta Tauri, is common to the con- 
stellations Auriga and Taurus. It represents the right 
foot of the Charioteer, and one of the tips of the Bull’s 
horns. 

On the night of January 23, 1892, Dr. Anderson dis- 
covered a new star a few degrees from beta Tauri at a 
point about one-fifth of the distance between that star 
and theta Aurige. It reached fourth magnitude at maxi- 
mum and declined to sixteenth magnitude in April. In 
August, Corder found that it had risen again in brightness 
to ninth magnitude. From observations made at the Lick 
Observatory the spectrum of this Nova resembled that 
of a planetary nebula. 

The feature of the constellation Auriga is alpha Aurigz 
or Capella, (Ca-pél’-l4), meaning the “She Goat." Eu- 
dosia thus praises it: 


And scarce a star with equal radiance beams 
Upon the earth. 


In these latitudes it is visible at some time every clear 
night throughout the year. Of the first magnitude stars 
it is nearest to the Pole, and it rises almost exactly in 
the northeast. 

Capella is 47 light years distant and is receding from us 
at the rate of 19 miles a second. Its spectrum is much 
like that of our sun and it is 150 times brighter. 

In brightness Capella ranks third of all the stars seen 
in these latitudes. Its magnitude is 0.2 and its total mass 
is 4 times that of the Sun. (See diagram p. 502.) 


(Continued on page 106.) 
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For the Naked Eye and Field Glass—Continued 


Capella is really a binary too close for telescopic observa- 
tion. The companion was detected by the spectroscope. 
These two bodies form a double system, the components 
moving in orbits about their common center of gravity. 
The orbital period is 104 days. These close companion 
stars are in approximately the same physical condition, 
and almost of the same mass. 

Ptolemy, El Fergani (roth Century) and Riccioli have 
all called Capella a red star. To us it appears brilliantly 
yellow or golden in color. Capella culminates at 9 P.M. 
on January 1961. 

B Алгірге is a star of especial interest. Professor Russell 
thus refers to it: It consists of a pair of stars of equal 
size and brightness, and very nearly equal mass, which 
revolve around their common center of gravity in circular 
orbits lying in a plane inclined 12° 49’ to the line of sight, 
with a period of 3 days, 23 hours, 2.5 minutes, and mutu- 
ally eclipse one another at every revolution. 

The actual distance between the centers of the two 
stars is 7,630,000 miles and each star is 2,200,000 miles 
in diameter. The more massive component has 2:38 times 
the mass of our sun, and the other 2.34 times. The whole 
system is at a distance of about 10,000,000 times that of 
the sun, so great that light takes 160 years to travel over it. 

Each of the two stars gives out nearly 20 times as much 
light as does the sun. 

The light of ¢ Auriga is singularly intense for its mag- 
nitude. А Aurige is 49 light years distant, according to 
a recent measure. 

The region in the vicinity of t Auriga is an interesting 
one for those who have an opera or field glass. 


(See For the Telescope, p. 108) 
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AURIGA . 


For the Telescope 


Auriga is rich in telescopic objects of interest. The 
data relating to the double stars follows, including two in 
the neighboring constellation Perseus. Their location is 
indicated on the Chart. 


Double Magnitude Distance, Angle, Remarks 
Star Seconds Degrees 

w 4-8 6 354 Color estimates dis- 
cordant. 

26 Triple 5.8-8.0-11.0 12 268 Yellow-Blue. 

14 Triple 5-7.2-11.0 I4 225 Yellow-Blue. 

AI 5.2-6.4 8 353 White-Violet. 

А 529 12І 13 

= 872 6-7 II 217 Yellow-Lilac. 

= 645 6-8 12 27 White-Ash. 

= 681 6.5-9 23 181 

5 698 6.0-7.7 31 346 Yellow-Bluish. 
Beautiful. 

= 764 6-7 26 14 

56 5.5-8 48 2I 

>) 532 6-7.5 20 бо In Perseus. 

Ж 552 6-6 9 II4 In Perseus. 


The field within the pentagon is particularly rich in 
clusters. To sweep over this region with a field glass is a 
delight. The region about e is also attractive. 

Smythe describes the cluster 1119 as “ап oblique cross, 
with a pair of large stars in each arm, and a conspicuous 
one in the center, the whole followed by a bright star of 
the 7th magnitude.” 

There are several wide doubles scattered through it and 
the whole region is very beautiful. 

Of the cluster 1295 Webb says: "Even in small instru- 
ments it is extremely beautiful. One of the finest of 
its class.” 
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CANCER 


CANCER (kan’-ser)—THE CRAB (Face West) 


LocaTIon.—The zodiacal constellation Cancer lies be- 
tween the constellations Gemini and Leo. A line drawn 
from В Tauri to Pollux in Gemini, prolonged about 15°, 
ends in Prasepe, the notable star cluster in Cancer. This 
cluster is also known as “the Bee Hive," and “е 
Manger." 

An imaginary line drawn from Capella in Auriga through 
Pollux in Gemini points out alpha Cancri, which bears 
the Arab name “ Acubens.”’ 


Mythology 


. and there a Crab 
Puts coldly out its gradual shadow claws. 


Mrs. BROWNING. 


Macrobius tells us that the name “Сапсег” 
was selected by the Chaldeans to represent this 
constellation, because the crab, being an animal 
that walks backwards or obliquely, well typifies 
the sun's apparent retrograde movement when 
it 1s in this part of the zodiac. 

The name '' Tropic of Cancer" is now applied 
to the circle on the earth which marks the points 
at which the sun at noon is overhead at the 
summer solstice. It thus marks the northern 
boundary on the earth of the points where the 
sun is ever seen in the zenith. In this way the 
name “Сапсег” has become familiar to all. 

Ito 


CANCER 


The Star cluster Prasepe, or the “Вее Hive,”’ 
has quite an interesting history, for in ancient 
times it was regarded as a sort of barometer or 
weather guide. Pliny thus refers to the cluster. 

“ТЕ Preesepe is not visible іп a clear sky, it 
foretells the coming of a violent storm.”’ 

The stars ү and 6 on either side of the ‘‘Bee 
Hive" bear the names "Asellus Borealis" and 
"Asellus Australis" respectively, Greek star 
names that mean the Northern Ass, and the 
Southern Ass. 'The Greeks and Arabs imagined 
that these two stars represented two asses 
feeding at the manger, represented by the star 
cluster. 

'The following story accounts for the presence 
of the two asses referred to: 

Once upon a time, the god Bacchus, while on 
his way to the temple of Jove, came to a marsh 
which barred his way. He perceived two wild 
asses browsing in a field near by, and mounting 
one, crossed the marsh dry shod. In gratitude 
for this service he transported both creatures to 
the heavens. 

According to the Greek legend, while the 
valiant Hercules was engaged in his famous 
contest with the dreadful Lernaan monster, 
Juno, envious of his fame, sent a crab to attack 
him, but Hercules quickly despatched it. Juno, 
to reward the crab for the sacrifice, persuaded 
Jupiter to immortalize the creature by placing 
it among the stars. 

Acubens, the Arab name for the star alpha 
Cancri, means ‘ће Claws.” 
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CANCER 


For the Naked Eye and Field Glass 


The feature of this constellation is the coarse cluster 
known аз Prasepe, pronounced pré-sé’-pe. The words 
means Manger. It 15 more familiarly known as “ће Bee 
Hive." 

The Bee Hive lies within an irregular square formed by 
the faint stars, y, д, 7, and Ө. To the naked eye the cluster 
resembles a nebula, and it has been mistaken for a comet. 

The first sight of these stars by Galileo filled him with 
delight and amazement. It was one of the first conquests 
of his telescope. The cluster is a fine sight in a field glass. 

For further details concerning this cluster, see para- 
graphs under “ For the Telescope." 

If your field glass is a powerful one, and you hold it 
steadily, you may be able to separate the double star 
+ Cancri. 

In June, 1895, all the planets, excepting Neptune, were 
in this region of the heavens, and Halley's comet was in 
this constellation on its appearance in 1531. 

The constellation Cancer is due south about 8 р.м. 
April rst. In the early evenings in mid-spring it can be 
observed in the southwest, well up the sky. 

B Cancer lies about 10? northeast of Procyon, the bril- 
liant star in the constellation Canis Minor. Alpha Cancri 
lies on the same line, 10° above 8. These two stars form 
the tips of an inverted letter "Y." This figure “A” is 
directly above the stars in the head of the Hydra. See 
Chart. 

Procyon is a star of the solar type. It is ro light years 
distant, and has a proper motion of 12 miles per second. 
For full details see Canis Minor. 
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CANCER AND CANIS MINOR 


For the Telescope 


Cancer is the most inconspicuous of the zodiacal con- 
stellations. It contains, however, a good number of 
double stars. The data is given below and includes doubles 
in the constellations of the Lynx, Hydra, and Canis 
Minor situated in this region. Тһе Chart indicates the 
location of these stars. 


Double Magnitude Distance, Angle Remarks 
Star Seconds Degrees 
t 4.2-6.6 31 307 Yellow-Blue. Fine 
contrast. 
ут 6-7 6 37 
e 4.8-6-5.7 5 IIS Triple. Two stars 
visible in small tele- 
scope. Yellow- 
Orange. 
Ж I3II 6.7-7.1 7 200 
ө 6.1-8.2 4 137 Use power of 160. 
ф? 6.0-6.5 5 212 
64 5.5-9.0 80 294 
66 6-8.2 5 138 
93 Lyncis 6-8 76 168 Gold-Azure. 
= 1245 6-7 IO 25 In Hydra. 
14 6-7-8 IIS 154 Triple. In Canis Minor. 
75 65 
e Hydrae See p. 120 


As with the naked eye, the outstanding telescopic feature 
of Cancer is the ‘‘ Bee Hive.” 

The Bee Hive contains a total of 358 stars down to the 
18th magnitude. Eighty stars in the cluster are brighter 
than the roth magnitude, and there are 100 stars which 
are brighter than the sun; of these, 20 are 10 times the 
sun’s brightness. The cluster is 450 light years distant. 


(Continued on page 116.) 
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CANCER 


For the Telescope—Continued 


Schwarzchild discovered spectroscopically that the 
brighter stars in the cluster are all receding from the sun 
at the same rate, and noted that this rate is almost the 
same as in the case of the Hyades cluster in the constel- 
lation Taurus. Ргевере and the Hyades are really twin 
clusters, being similar in size, brightness, motion and 
origin. They are moving southeasterly in parallel lines 
at the rate of 25 and 27 miles a second respectively. 

Professor Russell informs us that the bright central 
portion of the “Вее Hive” is approximately то light 
years in diameter, while the outer stragglers extend through 
a region more than 30 light years across. 

€ Cancri is an interesting double star. > According to 
Professor Russell, it has two stars in orbital motion about 
one another, which have completed two revolutions since 
the first observations by Herschel in 1780, the period 
being 60 years. At present they are near their widest 
separation, at an apparent distance of 1” of arc, and can 
be seen double with a 4-in glass. When closest in 1870, 
they were only half as far apart. The third member of 
the system is in slow revolution about the center of 
gravity of the binary pair but in an opposite direction. 
So far, its motion has been nearly uniform, and if this 
continues to be the case, the period of revolution will be 
about 700 years. It is supposed to have a “ЧагК” com- 
panion of mass comparable with itself, and the pair are 
revolving around a common center of gravity in a period 
of 17.6 years. 

Observe Castor, that gem of double stars in this region 
of the sky. 

An occultation of y Cancri by the moon frequently 
occurs. This is always an interesting sight. The student 
should consult the Nautical Almanac, which can be 
secured from the Superintendent of Documents in Wash- 


(Continued on page 117.) 
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For the Telescope—Continued 


ington, D. C. In this book the dates and times of occulta- 
tions visible in these latitudes are recorded. 

The cluster 1712, which is М 67 in Messier's Catalogue, 
is an interesting object. It is composed of stars of mag- 
nitude 9 to 12.5, surrounded by brighter stars іп the 
form of a semicircle. The cluster as a whole resembles a 
nebula in a small instrument. 

A powerful field glass should split the double star г 
Cancri. It was discovered by Herschel in 1782. 

To observe Cancer to advantage requires a dark clear 
night and all artificial light should be excluded from 
the eye. 

Above Cancer is the little asterism of the Lynx com- 
posed of faint stars. It was invented by Hevelius in 
1690, and is said to derive its name from the fact that 
only a lynx-eyed person can see it. The asterism is rich 
in double stars. 
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HYDRA 


HYDRA (hi'-dra)—THE SEA SERPENT 
(Face Southwest) 


LocaTIoN.—The head of Hydra, marked by a striking 
and beautiful group of stars, lies just below the Bee Hive 
in Cancer, and six degrees south of alpha Cancri. The 
group forms a rhomboidal figure of five stars. See 
Diagram of Cancer. 
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HYDRA 


Mythology 


But lo! afar another constellation, 

They callit Hydra. Like a living creature 

"Ті long drawn out. His head moves on below 
The midst of the Crab; his length below the Lion; 


His tail hangs o'er the Gentaur's self. 
ARATOS. 


According to an old legend, the Hydra was the 
terrible monster that lived near the marshes of 
Lerna. The creature had many heads which 
were peculiar in this respect, as fast as one was 
cut off, two immediately grew in its place. 

Hercules and his nephew Iolaus sought the 
monster to slay it, and as fast as Hercules cut off 
a head, Iolaus seared the wound with a hot iron, 
which prevented other heads from growing out. 

'The central head of the monster was supposed 
to be immortal, and this one Hercules buried 
under a rock. 

The long extended and serpentine figure of 
Hydra somewhat resembles a wandering stream. 
This led the Egyptians to imagine that this 
constellation was the heavenly counterpart of 
their famous River Nile. 
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HYDRA 


For the Naked Eye and Field Glass 


The constellation Hydra is about one hundred degrees 
in length, and reaches almost from Canis Minor to Libra. 
Its stars are faint with the exception of alpha Hydre, a 
second magnitude star which bears the Arab name Alphard 
which means ‘‘the Solitary One." Alphard is а red star, 
and is located in the heart of the creature. It is some- 
times called ‘‘Cor Hydra." 

Alphard is remarkable for its isolated position. The 
star is located southwest of Regulus in Leo. A line 
drawn from gamma Leonis through Regulus, points to 
Alphard. Castor and Pollux are also pointer stars to 
alpha Hydre (Alphard), which lies to the southeast of 
the Twins. 

The constellations Corvus, the Crow, and Crater, the 
Cup, are associated with Hydra as they both stand on 
the coils of the Sea Serpent, south of Denebola, the second 
magnitude star in the tip of the Lion’s tail. 

The little asterism Sextans, the Sextant, lies in this 
region between Regulus and Alphard. It contains no 
stars brighter than the fourth magnitude. 


For the Telescope 


For the tclescopists, see the double stars in Hydra 
cited under chapters on Cancer, Corvus, and Crater. 

The star е Hydra, in the Hydra’s head, is an interesting 
star. It was discovered to be a double by Struve. In 
1888 Schiaparelli noted that the brighter component was 
itself a close double. The system is 135 light years distant. 
Its period is 15 years. The brighter pair are of 3.8 and 
7.8 magnitude, separated at a distance of 3.2”, at an 
angle of 195°. See Diagram of Cancer, р. 115. 
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LEO 
LEO (le’-o)—THE LION (Face South) 


LocaTIon.—A line drawn from Pollux in Gemini, to 
y Cancri, prolonged about 12°, locates the first magnitude 
star Regulus in the heart of the Lion, 

Regulus lies about 9° east of Cancer, and about 12 
northeast of Alphard in Hydra. 


о 


Mythology 


"Neath her hind feet as rushing on his prey 
The lordly Lion greets the God of day. 


ARATOS. 


Leo is an extremely ancient constellation. 
From the earliest times it has been associated 
with the sun. 

According to Pliny, the early Egyptians wor- 
shipped the constellation Leo because the Nile 
inundation occurred, in ancient times, when the 
sun entered this constellation. 

Some believe that the Sphinx represents 
Virgo’s head on Leo’s body. 
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LEO 


The name Regulus, borne by the star alpha 
Leonis, means “һе Little King." The star 
was named by Copernicus. It has also been 
called “the King," “the Mighty," “the Great," 
“the Hero," “the Ruler.” 

The early Persians regarded Regulus as one 
of the four Guardian stars of Heaven, the others 
being Fomalhaut, Aldebaran, and Antares. 

Four thousand years ago the longitude of this 
star was measured in Babylon, and two thousand 
years later by Ніррагсһав. Later on, his 
observations of Regulus and Spica led to his 
discovery of the Precession of the Equinoxes. 

The figure of Leo, very much as we have it, 
appears in all the Indian and Egyptians zodiacs. 


For the Naked Eye and Field Glass 


With an opera or field glass the companion stars near 
а апа у Leonis are worth observing. These are probably 
“optical” doubles, that is: one star is nearer to us than 
the other, though they appear to be side by side in the sky. 

An opera or field glass will separate the components of 
the double star 7 Leonis. (See Telescope diagram, p. 127.) 

Leo is one of the most beautiful of the constellations 
of the Zodiac. It lies south of the Great Bear and its 
principal stars are arranged in the form of a sickle, or a 
reversed “?”, which marks the Lion's head. Regulus is 
in the handle of the sickle. It is one of the stars from 
which longitude is reckoned, and lies almost exactly on 
the Ecliptic. Regulus is 56 light years distant, and is 
receding from us at the rate of 3 miles a second. It is 
70 times brighter than the sun. 


(Continued on page 124.) 
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For the Naked Eye and Field Glass—Continued 


Regulus is a white star of the Orion type, and is visible 
for eight months in the year. It rises a little north of 
east about 9 P.M. on New Year's eve, and culminates at 
9 Р.м. April 6th. 

The hindquarters of the Lion are defined by a right 
angle formed by the stars 8, 6, and @ Leonis. Denebola, 
a star of the second magnitude, marks the tip of the Lion's 
tail. It lies 25? east of Regulus, and about 35? west of 
Arcturus in Boótes. It is the same distance northwest 
of Spica, in Virgo, and forms, with Spica and Arcturus, 
a large equilateral triangle. 

Denebola is 32 light years distant, and is receding from 
us at the rate of one mile a second. It is 11 times as 
bright as the sun. It comes to the meridian at 9 P.M., 
May ard. 

y Leonis is опе of the finest double stars in the heavens. 
Jt is approaching us at the rate of 24 miles a second. 

6 Leonis is 39 light years distant, and approaching at 
9 miles à second. 

The star omicron Leonis is 95.8 light years distant. 

November is a famous month for meteors. A shower 
known as “(һе Leonids’’ radiates from the head of the 
Lion, marked by the sickle. It is due on the r4th or 15th 
of the month. These meteors were wonderfully numerous 
in 1833 and 1866, when there were marvelous displays. 
Since then théy have not been seen in such vast numbers. 

Calculations show that this great meteoric swarm has 
been drawn wide from its orbit by the attraction of the 
planets Jupiter and Saturn. 

The Leonids are remarkable for their swiftness, and 
their light is of a deep bluish color. They are following 
about the sun the exact path of Tempel’s Comet, and it 
is thought that they are the remains of this Comet. 
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LEO 


For the Telescope 


The following double stars will be of interest to tele- 
scopists, and the list contains one beauty. 


Double Magnitude Distance, Angle, Remarks 
Star Seconds Degrees 
y 2.6-3.8 3 117 "Finest double in the 
northern sky.” Struve. 
T 5.4-7 90 170 Lemon-Light blue. 
Field-glass double. 
54 5-7 6 102 Fine object. 
93 4.7-8.4 74 355 
90 6-7.3 5 204 
6 5-9.5 37 74 
7 6-8 42 356 
88 6.4-8.4 15 320 


The telescopic feature of the constellation is the double 
star y Leonis. It is best observed when it is not quite 
dark, or in moonlight. The colors of the two stars are 
yellow and green. This star is a well known binary in 
very slow motion. A complete revolution can hardly 
take less than 1,000 years. 

Regulus has a companion of the eighth magnitude, a 
little less than 8 minutes of arc distant, which shares the 
proper motion of its primary. It is a double star. Miss 
Clerke mentions its color as ‘‘seemingly steeped in indigo.” 
It is a difficult object for a 3 in. telescope. 

Note the double 35 Sextantis. 6-7, Distance 6”, Angle 
24°. В has a companion of the eighth magnitude. 

Note the nebula 1861-1862, large and brilliant, a double 
nebula in large telescopes. 

The noted long period Variable Star, R Leonis, is located 
on the Diagram at the point marked “К.” It varies 
from the fifth to the tenth magnitude in 144 days. It is 
a red star and at maximum is, of course, visible to the 
naked eye and well worth observing. 

¢ has three companion stars. 

e has two seventh magnitude companions forming a 
beautiful little triangle. 

Refer to Nautical Almanac for exact position of Neptune; 
in Leo. 
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COMA BERENICES 


COMA BERENICES (ko’-ma_ber-e-ni’-sez)—BERE- 
NICE’S HAIR (Overhead) 


LocaTIon.—A line drawn from Regulus, the first magni- 
tude star in Leo, to 6 Leonis, prolonged an equal distance, 
locates this scattered cluster of faint stars. The cluster 
is 18° northeast of д Leonis, and lies within a triangle 
formed by Denebola in Leo, Arcturus іп Boótes, and Cor 
Caroli in Canes Venatici. 
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COMA BERENICES 


Mythology 
Now behold the glittering maze of Berenice’s hair. 


The famous legend relating to this beautiful 
star cluster is as follows: 

There was once upon a time a lady of great 
beauty named “ Berenice.” She was of a royal 
family, and happily married to Euergetes, one 
of the ancient Kings of Egypt. When the King 
was about to set out on a dangerous expedition, 
Berenice was so fearful that harm would befall 
him, that she vowed to dedicate her beautiful 
hair to the goddess of beauty if he should return 
in safety. Good fortune attended him, and on 
his return Berenice, true to her vow, cut off her 
beautiful tresses and placed them in the temple 
of Venus. 

Later on, they were missed from the temple, 
but Conon, the Astronomer Royal, assured the 
King that Jupiter was so inspired by Berenice’s 
sacrifice that he had taken her tresses from the 
temple and enshrined them forever among the 
stars. He proved the statement by pointing out 
to the King and people the glittering star cluster 
known ever after as ''Berenice's Hair." In 
the National Museum at Naples, there is a 
beautiful bronze bust of Berenice. 
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COMA BERENICES 


For the Naked Eye and Field Glass 


As the cluster is a faint object it should be observed 
on a clear and moonless night. Twenty or thirty stars 
can be counted in the cluster with an opera glass. Webb 
thus refers to the constellation: “А gathering of stars 
which obviously require distance only to become a nebula 
to the naked eye.” 

In this constellation it is estimated that over a hundred 
nebulz are located in a space no greater than that which 
is covered by the full moon. Unfortunately they are too 
faint to be observed with a small glass. 

It is estimated that this cluster is between three and 
four hundred light years distant. 

Dr. Seiss associates a bright star, which appeared in 
this constellation, with the Star of Bethlehem, which he 
says was vertically overhead at Jerusalem on the 25th 
of December at the time of Christ’s birth. A century and 
a half after Christ, in the days of Ptolemy, the star was so 
faint as hardly to be distinguishable. 

A meteor shower, which occurs March 20th, radiates 
from Coma Berenices. The meteors in this shower appear 
as swift streaks across the sky. 

The first half of the month of April may be regarded as 
the most brilliant sidereal period of the year. At this time 
twelve first magnitude stars are visible in this latitude at 
9 р.м. From east to west they are: Vega, Arcturus, Spica, 
Regulus, Castor, Pollux, Procyon, Sirius, Capella, Alde- 
baran, Betelgeuze, Rigel,—a glorious company. 
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COMA BERENICES 


For the Telescope 


The double stars cited below should be of interest to 
the amateur. The Chart indicates their location. 


Double Magnitude Distance, Angle, Remarks 
Star Seconds Degrees 
24 4.7-6.2 20 271 Orange-Lilac. Fine 
contrast. Yellow- 
very blue also given. 
12 5-8 66 168 
17 4.8-6 145 250 White-Lilac. 
35 5-8 28 124 Lilac-Blue. 
2 6-7 3.6 240 
32 5.30.1 194 48 
= 1678 6.3-7 32 ony 
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CANES. VENATICI 


CANES VENATICI 


CANES VENATICI (kà'-nez ve-nat'-i-ct) -THE HUNT- 
ING DOGS (Overhead) 


LocaATION.—Cor Caroli, the brightest star in this con- 
stellation, a star of 3.2 magnitude, when on the meridian 
is about 17° south of e Urse Majoris. А line drawn from 
7 Urse Majoris, through Berenice's Hair to Denebola, 
on Leo, passes through it. 


For the Naked Eye and Field Glass 


The hunting dogs bear the names “Asterion” and 
“Chara” and are represented as being held in leash by 
Boótes, the Herdsman, as he pursues the Great Bear 
about the Pole. Cor Caroli is located in Chara, the south- 
ern of the two hounds. 

The figure known as ‘‘the Diamond of Virgo," a stellar 
landmark in this region of the sky, should be observed. 
It is a perfect diamond formed by joining with imaginary 
lines the stars Cor Caroli, Arcturus, in Boótes, Spica in 
Virgo, and Denebola in Leo. 

Cor Caroli was named by the Astronomer Royal, 
Halley, at the suggestion of Sir Charles Scarborough, the 
Court Physician, in honor of Charles I of England. It 
represents the heart of the monarch. This is one of the 
few cases where a fairly modern star name relating to a 
personage has attained permanency, and become a recog- 
nized feature in the sky. 

Cor Caroli is on the meridian at 9 р.м. May 2oth. 

Observe the star La Superba with an opera glass. 

The star numbered 15 is a double. (See diagram, p. 137.) 
It can be separated with a good field glass if it is held 
steadily. 
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CANES VENATICI 


For the Telescope 


The following double stars are a partial list of the many 
interesting doubles in this constellation:— 


Double Magnitude Distance, Angle, Remarks 
Star Seconds Degrees 
a 3.2-5.7 20 227 Both yellow. Easy for 
(cor Caroli) a small glass. Can 
be seen in a 2 inch 
telescope. 
2 6-8 ІІ 260 Red-Blue. Fine con- 
trast. 
15 5.5-6 290 297 Field glass double. 
= 1615 6-8 27 88 Yellow-Ashy. 
X 1645 7-7-5 10 16r Webb says ‘‘a lovely 


pair as I ever saw." 


Seven degrees northwest of Cor Caroli is “Га Superba,” 
a fifth magnitude star of a brilliant red color. It is one 
of the few stars of the 4th spectral class, and is noted for 
the splendid color of its flashing rays. 

The nebula 3572 is the famous ''Spiral, or Whirlpool 
Nebula” of Lord Rosse. A powerful telescope is required 
to reveal its wonderful details. 

The cluster 3636 (M 3), on a line between Arcturus 
and Cor Caroli, is very remarkable. Recent measures of 
its distance, by indirect methods that are reliable, place 
it at the incomprehensible distance of 13,900 parsecs. 
А parsec is 3.26 light years. То cross the cluster, light must 
travel 470 years at the rate of 186,000 miles a second. 
Out of a thousand stars in the cluster one-seventh are 
Variable, all having a period of half a day, and their 
periods are known to the fraction of a second. Their 
light changes so rapidly that in one case it doubles in 
seven minutes. 
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CANIS MINOR 


CANIS MINOR 


CANIS MINOR (kà'-nis mi’-nor)—THE LESSER DOG 
(Face West) 


LocarioN.—Procyon, the Little Dog Star, lies about 
23 degrees south of Pollux in Gemini. A line drawn 
from 8 Tauri to y Geminorum prolonged about 18 degrees 
reaches Procyon. 


Mythology 


The dog's precursor, too, shines bright beneath 
The Twins. 


ARATOS. 

In ancient times the Little Dog was considered 
to be a water-dog because it stood on the border. 
of the Milky Way, which was thought to be a 
river in the sky. 

Mythology has assigned the Little Dog to 
various personages. It was natural to regard it 
as belonging to the Giant Hunter Orion, as it 
follows close on his heels in the sky. "There is a 
legend, however, that relates that this is the 
faithful dog Mera, whose master Icarius had 
been murdered and his body had remained 
undiscovered. Erigone, his daughter, was grief 
striken at the failure to recover her father's 
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body. Meanwhile Mera searched diligently for 
it. His efforts were finally rewarded, and his 
barking brought Erigone to the spot. Grief, 
however, had crazed her, and in her despair she 
hung herself. The loyal Mera pined away with 
grief and died, but the gods rewarded his faith- 
fulness by placing him among the stars. 

The little dog is also said to represent one of 
the hounds of Actzon. According to the story, 
Actzon unwittingly surprised Diana as she was 
bathing at a pool in the forest. The indignant 
lady changed him into a stag. He was pursued 
by his own dogs and slain by them. For some 
reason Actaon's hound was rewarded with a 
place in the heavens. 

Astrologically Procyon portended wealth, fame 
and good fortune. It comes to the meridian on 
the 24th of February. 
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CANIS MINOR 


For the Naked Eye and Field Glass 


Procyon is equidistant from Betelgeuze in Orion, and 
Sirius in Canis Major, and forms with these stars a large 
equilateral triangle. It forms a large right-angled triangle 
with Pollux and Betelgeuze. 

Procyon is a golden yellow star of 0.4 magnitude, то 
light years distant. According to Professor Russell it is 
probably about the size of Altair, the first magnitude star 
in Aquila. It is seven times as bright as the sun and 
several times as bright per square mile. Procyon is ap- 
proaching our system at the rate of two miles a second. 

This star is a very remarkable binary, having a faint 
companion discovered at the Lick Observatory in 1896. 
It is visible only in the largest telescopes. It is about 
one-third the mass of Procyon, but gives only one one- 
hundred-thousandth as much light. 

The companion of Procyon is one of the smallest stellar 
masses concerning which we have any reliable knowledge. 
It is about one-fourth of the sun’s mass. 

Procyon rises in this latitude a little north of east about 
half an hour before Sirius, hence it was called “Procyon” 
from two Greek words signifying ‘‘before the Dog.” 

Four degrees northwest of Procyon is the third magni- 
tude star В Canis Minoris which bears the Arab name 
'"Gomeisa," meaning ''watery-eyed." The few remain- 
ing stars in the constellation are faint. 


For the telescopic objects in Canis Minor see 
Cancer, p. 115. 
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CORVUS 


CORVUS 
CORVUS (kór'-vus)—THE CROW (Face South, 


Location.—A line drawn from the Bee Hive in Cancer, 
through Regulus in Leo, prolonged about forty degrees, 
ends near the conspicuous quadrilateral of stars which 
distinguishes the constellation Corvus. This figure 
resembles the figure 4. 

The brightest star in this region of the sky is Spica, 
in the constellation Virgo. It lies about ten degrees 
northeast of ô Corvi which bears the Arab name 
“‘Algorab.”’ 

A line drawn from у to В Corvi, prolonged twice its 
length, locates the third magnitude star « Centauri in 
the right shoulder of the Centaur. The bright stars in 
this constellation are not visible in this latitude. 


Mythology 


'The figure of a Crow seems pecking at him. 
ARATOS. 


The constellations, Corvus and Crater, are 
pictured in the old atlases as standing side by 
side on the coils of Hydra, the Water Snake. 

In mythology, these constellations are closely 
associated. According to the Greek legend: 
Apollo fell in love with Coronis, but, being of an 
extremely jealous disposition, he sent a crow to 
spy upon the object of his affections. The Crow 
discovered that Coronis was untrue to Apollo, 
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and informed him of the fact. To reward the 
crow for this service, Apollo placed the bird 
among the stars. 

It is also said that Corvus takes its name from 
the daughter of Coronaus, King of Phocis, who 
was transformed into a crow by Minerva to 
rescue the maid from the pursuit of Neptune. 

Another legend relates that the crow was once 
of the purest white, but was changed to its 
present sable hue for tale bearing. 

The Chinese called Corvus ‘‘the Red Bird," 
the Romans and Hebrews knew it as “һе 
Raven," and in very ancient times it has borne 
the titles ‘‘the Great Storm Bird," ''the Bird 
of the Desert," "the Bird of the Great Seed," 
and “the Storm Wind." Іп Chaucer's time 
Corvus was called ‘‘the Raven." 

The myth associating Corvus with Crater is 
as follows: Apollo is said to have sent the crow 
to bring some water for a sacrifice to Jupiter, 
but the bird tarried at a fig tree till the fruit 
became ripe, and then returned with a water 
snake in its claws, and a lie on its tongue, claim- 
ing that the snake had occasioned the delay. 
Apollo, perceiving the untruth, and to punish 
the crow, placed him among the stars with the 
Cup and the Snake. The latter was charged 
never to allow the crow to drink, so the Crow is 
forever tantalized with the Cup of water near 
at hand into which he can never dip his bill. 
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CORVUS 


For the Naked Eye and Field Glass 


A small constellation containing little of in- 
terest visible to the naked eye. 


For telescopic objects see Crater, page 149. 


С Corvi, shown on telescopic diagram, has a 
companion star visible in a field glass. 

The variable star R, shown on telescope dia- 
gram, can be picked up with a field glass when 
at, or near, its maximum of 7th magnitude. 
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CRATER 
CRATER (kra’-ter)—THE CUP (Face South) 


Location.—The constellation Crater is situated fifteen 
degrees west of Corvus, and due south of 8 Leonis. It 
is an inconspicuous constellation, but on a clear and 
moonless night it is easily distinguished. Six stars of the 
fourth magnitude form the bowl of the cup. They are 
arranged in the form of a semicircle. 

The constellation resembles a round goblet with its 
base resting on the coils of the Hydra. 

The star Alkes, alpha Crateris, is common to the con- 
stellations Hydra and Crater, and may be seen twenty- 
four degrees southeast of the star Alphard, the red and 
solitary star in the heart of the Hydra, the brightest 
star in this region of the sky. 

Corvus and Crater are to be seen half way up the 
southern sky during the early evenings of Spring. Crater 
is on the meridian at 9 р.м. April 26th. 


Mythology 


. midway 
His volume is the cup. 
ARATOS. 

Crater has figured as the Cup of Apollo, 
Hercules,. Achilles, Dido, Medea, Bacchus, 
Icarius, and even Noah's wine cup. 

For the Egyptians, the rising of the constellation 
‚ Crater was an event of some importance, as at this 
time the river Nile reached its greatest height, and 
the people knew that its flood would soon recede. 

Crater was known in England two or three 
centuries ago as “һе Two-Handed Pot." 

In the old atlases of the constellations, the 
Cup is usually represented in the form of a large 
urn, elaborately ornamented, with-two-handles 
set opposite each other, a sort of loving cup. 
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CRATER AND CORVUS 


For the Telescope 


CRATER 
Double Magnitude Distance, Angle, Remarks 
Star Seconds Degrees 
= 1530 8-8 7 314 
Hh 376 6-6 9 211 In Hydra 


Just west of и Crateris is the double star 2 1473, in 
Hydra. Magnitude 8.0-8.9; Distance 30.7"; Angle 10°. 

21’ north of nu is the double 1474. Magnitude 7-8; 
Distance 71”; Angle 22°. 

A line drawn from gamma to alpha Crateris, prolonged 
a little over its length, locates a remarkable planetary 
nebula in Hydra. ‘‘It will be seen like a pale blue disk, 
like the ghost of Jupiter." -This nebula is just south of 
и Hydree, a fourth magnitude star. 


CORVUS 
Double Magnitude Distance, Angle, Remarks 
Star Seconds Degrees 
$ 3.0-8.5 24 214 Yellow-Purple. Fine 
contrast. 
> 1669 6.5-6.5 5 299 


¢ Corvi has a companion star visible in an opera glass. 

Observe the nebula 4361. 

In the case-of the double star 5 Corvi, its two suns are 
drifting together in a northwesterly direction with so high 
a speed, that they will change their position in the sky 
an amount equal to the apparent diameter of the full 
moon in the course of 7000 years. 

The R on the Chart locates a famous long period 
Variable Star discovered by Karlinski in 1867. At maxi- 
mum it reaches 7th magnitude, declining to 11.0 magni- 
tude, with a period of 319 days. Variable Star observing 
is the most practical telescopic work that the amateur 
can engage in. 
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THE CONSTELLATIONS OF SUMMER 


The folded map opposite shows the principal 
stars visible from Latitude 40° N. at: 


9:00 P.M. July ісі 


9:30 June 22 8:30 July 8 
10:00 June 14 8:00 July 14 
ОЗО June. 7 7:30 July 22 


The Times are Eastern Standard. 


Chart held in this position depicts Southern 
sky. Quarter turns of the book from left to 
right give correct views successively of Eastern, 
Northern and Western sky. 
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DRACO 
DRACO (dra’-ko)—THE DRAGON (Face North) 


Location—About ten degrees from alpha Urse Ma- 
joris (from alpha to delta Ursa Majoris is ten degrees) 
is the star ^ Draconis, a fourth magnitude star that marks 
the tip of the Dragon's tail. 

Above №, and almost in line with it, are two more stars 
in Draco, which form with two stars in Ursa Major a 
quadrilateral. See Diagram. 

Draco now curves sharply eastward, coiling about the 
Little Bear, then turns abruptly southward, ending in a 
clearly defined group of four stars forming an irregular 
quadrilateral, which marks the Dragon's head. The con- 
stellation is a little difficult to trace out, but careful 
attention to the diagram should render the task fairly 
easy. 
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Mythology 


Here the vast Dragon twines 
Between the Bears and like a river winds. 


According to an ancient myth, Draco is 
supposed to represent the monster that guarded 
the golden apples in the Garden of Hesperides. 
Hercules had a desperate encounter with the 
beast, finally succeeded in slaying it and carried 
away the precious fruit. 

Draco was also said to be the dragon slain by 
Cadmus, the hero of Thrace. In this case, the 
monster was the guardian of a sacred spring. 
Cadmus was ordered to secure some of the 
water. He had a great battle with the monster 
before he finally despatched it. He plucked out 
its teeth, and sowed them in a field, whereupon 
a great number of warriors sprang up and 
engaged in a battle royal. There were only five 
survivors, and these assisted Cadmus to build 
the city of Boeotia, which was known as ‘‘the 
City of the Dragon.” It is also related that in 
the war with the Giants, the goddess Minerva 
seized the Dragon, and hurled it into the northern 
sky where it became entangled in the axis of the 
heavens. 
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For the Naked Eye and Field Glass 


Draco is almost overhead in the early evening during 
the summer months, and it is visible during the entire year. 

The star marking the heel of Hercules, « Herculis, lies 
just south of the Dragon's head. The brilliant Vega, in 
Lyra, will be seen about overhead, twelve degrees south- 
west of the Dragon's head. 

y Draconis, which bears the Arab name Eltanin, marks 
one of the Dragon's eyes. It is noted for its connection 
with the discovery of the laws of the aberration of light. 
Observations of the star by Dr. Hooke, lead Dr. Bradley 
to make the discovery which was announced in 1729. 
The rising of this star was visible about 3500 B.c. through 
the central passage of the temple of Hathor, at Denderah, 
in Egypt, where the star was an object of worship. 

'The star » Draconis can be seen double with an opera 
or field glass if it is held steadily. 

‘Vega, and the four stars in the Dragon's head, offer an 
opportunity of comparing stars of the first five magnitudes. 
Remember, the ratio of magnitude (that is, luminosity) is 
2.5. For example: A standard first magnitude star is 2.5 
times brighter than a star of the second magnitude, etc. 

Alpha Draconis, known to the Arabsas Thuban, is an 
interesting star. Owing to the Precession of the Equinoxes 
it was the Pole star in 3500 B.c. See diagram p. 36. 
Thuban was worshipped by the Egyptians, and at one 
time it could be seen, by day and night, at certain times 
from the inner recesses of the Great Pyramid in Egypt. 
It is believed to have been brighter in ancient times than 
it appears now. 

There are several meteoric showers that radiate from 
the constellation Draco, the most remarkable occurring on 


June 28th. 
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Draco is rich in double stars. 


Double Magnitude 
Star 


у 55 
y 4-5 
40, 4I 5.4-6 
17 5-6 
o 4.8-7.6 
t 3:5-9 


Z 1984 6.2-8.4 
= 2604 6.5-8.7 
Z 2573 6.2-8.5 
Z 2348 6-8 
Г? 5-5 
5 2277 6.3-8.2 


DRACO 


For the Telescope 


Distance, 
Seconds 


62 


27 
18 
25 

51 
28 


А 


ngle, 


Degrees 


313 


15 
233 
116 
340 

50 
273.8 
184.6 

29 
272.7] 
205 
117 


A partial list follows: 


Remarks 


A grand object. Field 


glass double. 


Orange-Emerald. 
Orange-Yellow. 


A striking object. 
Yellow-Blue. 
Both White. 
In Hercules. 


Note Tuttle's Variable Nebula 4415. 

Flammarion, omicron Draconis is 

optical double, that is, two stars which, being nearly in the 

same line of sight, appear to be side by side, although one 

may be far more distant than the other. 
One of the components of и has a 13 mag. companion. 

ш is therefore really a triple. 


According to 
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LYRA 
LYRA (l'-ra)— THE LYRE (Face East) 


LocATION— The constellation Гуга, throughout the 
summer, is high up the eastern sky, almost in the zenith 
in the early evening. It may be easily identified because 
of the briliant Vega, of the first magnitude, the third 
brightest star seen in this latitude. 

The six bright stars in Lyra form an equilateral triangle 
on one corner of a parallelogram. See the Diagram. 
Lyra is located between the constellations Hercules and 
Cygnus, and rises in the northeast in the early evening 
about May Ist. It is in the zenith at 8 Р.М. on Septem- 
ber Ist. 


Mythology 


The Lyre whose strings give music audible 
To holy ears. 


LOWELL. 

According to the ancient legend, Lyra repre- 
sents the instrument which Apollo or Mercury 
gave to Orpheus. It is related that Orpheus, 
whose magic music charmed all, and even 
inanimate nature, married the beautiful nymph 
Eurydice. On her death Pluto took pity on the 
grief-stricken Orpheus, and permitted him to 
carry Eurydice from the place of departed spirits, 
but charged him that he should not look at her 
until he had emerged from the shades of dark- 
ness. Orpheus was thus able to winhis loved one 
again, but forgetting Pluto’s admonition, looked 
back at Eurydice and immediately she vanished, 
and he was never able to see her again. 
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After his death, Jupiter placed his magic Harp 
in the sky. 

In Bohemia, Lyra was called “the Fiddle in 
the Sky,” and the ancient Britons knew it as 
“King Arthur’s Harp.” 

Space does not permit of further reference to 
the many myths relating to this beautiful 
constellation. 


Lyra is of special interest as it is in this direction that 
the sun is bearing the earth and all the planets at the rate 
of twelve miles a second. It is, therefore, our goal, celes- 
tially speaking, and the star Vega beckons us on. We 
move toward the star at the rate of 378 million miles 
annually. 


Toward Lyra 


Annual motion of Earth through space as it accom- 
panies the Sun toward Lyra at the rate of 12 miles a second. 
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For the Naked Eye and Field Glass 


Vega was the first star to be photographed, in 1850. 
It is visible at some hour of the night throughout the 
year. It has been called ‘‘the Arc-light of the Sky.” 
Its light has the bluish-white hue that suggests the bril- 
liance of a diamond. The spectroscope reveals that Vega 
is a star about midway, according to the giant-dwarf 
theory, in the evolutionary scale. 

Vega is fifty times brighter than the sun, and its diameter 
is about two and one half times that of the sun. Parallax 
determinations differ. The mean of four authoritative 
measures gives 26 light years as the distance that Vega 
is from us. 

Vega is celebrated for the fact that, due to the Pre- 
cession of the Equinoxes, it has once been, and will again 
in 12,000 years be the Pole star. Vega is approaching at 
the rate of 8.5 miles a second. It has a small companion 
star of the 11th magnitude. The heat that we receive from 
Vega has been measured, and amounts to that received 
from a candle eight and three-quarters miles away. 

The double stars е, 6, and ¢ Lyre can be separated with 
a field glass. The first is a double double for a telescope. 
(See diagram p. 75.) 

A sweep with an opera glass along the line from у to В 
Lyre is well worth while. 

B Lyre is a remarkable Variable star of great interest 
to astronomers. Its variations in light can be observed 
with the naked eye, and the phenomenon should be of 
interest to all who study the heavens. 

The star’s light changes from 3.4 magnitude to 4.5 
magnitude in 12.9 days. At times it is brighter than 
gamma, and at minimum fainter. It is a spectroscopic 
double, and we have been able to determine the size of the 
two bodies and their shapes. The larger is 31 million miles 
in diameter, the. smaller 24 million miles. The distance 
between their centers is 30 million miles. The mass of 
the larger is 21 times the sun’s mass, the mass of the 
smaller 10 times. 

Continued on page 162.) 
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LYRA 


Professor Mitchell discovered that the star y Lyre 
was a spectroscopic binary. For details concerning the 
famous meteor shower, “the Lyrids," see chapter on 
meteors. 


For the Telescope 


For its size Lyra is one of the most remarkable of all 
the constellations for the telescopist. It has rich fields 
and many remarkable objects to observe. The following 
double stars are a few out of the many in the constellation: 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
е Без 207 ї73 The noted double 
double. А marvel- 
et 5-6 3 15 ous object. Field 
e? 5-5 2 133 glass double. 
¢ 4.3-6 44 140 Topaz-Green. Field 
glass double. 
B 4-7-8-11 45 150 А multiple star. 
65 320 
85 20 
n 4.8-8 28 84 A fine field. 
ө 5-10 IOI 70 Yellow-Blue. 


The “+” marks the location of the famous “Ring 
Nebula,” a wonderful sight in our largest telescopes. 

A perfect ring of nebulosity, in the center of which 
gleams a 15th magnitude star. It can be seen in a 3-inch 
telescope, and appears as a faint and misty oval patch of 
light about the size of the planet Jupiter. The nebula is 
the best example of a planetary nebula in the heavens. 

e Lyræ, the renowned double double, is a test star for 
the eyesight. If you can split the pair without optical 
aid you have excellent sight. 

According to Professor Russell, the period of the closer 
pairs must be many centuries in length, and that of the 
wider pair several hundred thousand years. The brightest 
of the four stars is a spectroscopic binary. 

ô Lyræ is a wide double, easy for a field glass. Magni- 
tudes 4.5-5.5. Distance 750”. The field about this star 
is glorious for low powers. 
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CYGNUS 


CYGNUS 


CYGNUS (sig’-nus)—-THE SWAN, OR NORTHERN 
CROSS (Face East) i 


Location.—Deneb, the brightest star in the constella- 
tion Cygnus, a star of 1.3 magnitude, marks the top of 
the Cross. It is a little over twenty degrees east of the 
brilliant Vega in Lyra. Deneb forms a triangle with 
Vega and Altair in Aquila, the latter being at the apex 
of this triangle, about thirty-five degrees from Deneb 
and Vega. 

8 Cygni marks the base of the Cross. А line drawn from 
Vega to Altair almost touches it. 

The Cross is almost wholly in the Milky Way and 
rises lying on its side. It is a perfect Cross, and a beau- 
tiful figure. 


Mythology 
Yonder goes Cygnus the Swan, flying Southward. 


There are various legends relating to this 
beautiful constellation. Some have thought that 
Cygnus represents Orpheus, who was changed 
into a Swan at his death and placed near his 
magic harp (Lyra) in the sky. 

Another story relates that this is the Swan 
into which Jupiter changed himself when, 
unknown, he visited Leda, wife of Tyndarus, 
King of Sparta. Again, we are told that the 
constellation represents Cygnus, son of the King 
of the Ligurians, who was grief stricken at the 
death of his friend Phaéthon... Apollo took pity 
on him, turned him into a Swan, and placed him 
among the stars. 
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CYGNUS 


The Arabs knew this constellation as ‘‘the 
Flying Eagle," and the Greeks called it “the 
Bird." 

The Cross is seen to best advantage in Winter, 
as it then assumes an upright position. On 
Christmas eve, at nine o'clock, it stands out- 
lined against the western sky, a starry symbol of 
the Christian faith, a sign of promise from the 
realm beyond. 


For the Naked Eye and Field Glass 


The star 61 Cygni has an interesting history. It was 
the first star whose distance was measured. In October, 
1838, Bessel published his announcement of the distance 
of this star as 10.3 light years. In 1842-43, the observation 
was confirmed by Peters at Pulkowa. Later determina- 
tions have increased this distance to 10.5 light years. 
At this distance the sun would look about as bright as 
the Pole star now does to us. 

Three hundred and thirty photographs were taken of 
this star in 1886-7. These furnished material for 30,000 
measurements. 

For many years 61 Cygni was thought to be the nearest 
star to us. Now it ranks fifth in order of distance of the 
stars visible to the naked eye in the northern hemisphere. 

61 Cygni is a double star of the sixth magnitude and 
just visible to the naked eye. The components, neither 
of which can be one-tenth as bright as our sun, are in 
slow relative motion, indicating that they are really 
moving in a vast orbit whose circuit, according to Professor 
Russell, may occupy a thousand years or more. 

The Milky Way separates into two great parallel 
branches in Cygnus. Nova appeared in this constellation 
in 1600, 1876, and 1920. 


(Continued on page 166.) 
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For the Naked Eye and Field Glass—Continued 


Sweep with opera glass or binoculars over the Milky 
Way in this region, particularly on a line from y to В 
Cygni. It is a glorious field. Note the swarms of suns 
and clusters, and the occasional dark gaps. 

The star o? Cygni is an attractive double in a field glass. 

If you have a powerful binocular and hold it steadily 
you may be able to separate beta Cygni, one of the finest 
doubles in the heavens. 

Cygnus contains an unusual number of deeply colored 
stars, and Variable Stars. 

The location of one of the so-called ‘‘Coal Sacks” in 
the Milky Way is indicated on the Chart. These dark 
areas are now known to be clouds of cosmic matter that 
obstruct our view of the more remote stars. 

Herschel counted 331,000 stars in an area of only five 
degrees in Cygnus. 

This region is perhaps richer in stars than any similar 
portion of the sky. An opera glass will reveal many of 
its beauties. 

The star Deneb, alpha Cygni, has a proper motion of 
I2 miles a second. An absolute parallax determination 
by Professor Mitchell gives 650 light years as its distance 
from our system. The star is of the same general type as 
the sun, and it is approaching the earth at the rate of 2 
miles a second. It is now calculated that its actual 
luminosity exceeds the sun ten thousand times, and that 
eventually it wil be so near as to outshine for several 
years every visible star. 
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CYGNUS 


For the Telescope 


Webb says of this region: “Its low-powered fields are 
overpowering in magnificence.’’ To sweep over this region, 
even with an opera glass, is a delight. - 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
8 3.2-5.4 34 55 Yellow-Blue. Very 
fine. 
52 4-9 6 60 Yellow-Blue. 
17 5-8 26 73 Red-Blue. In fine field. 
o? 4-7.5 107 174 Orange-Blue. Field 
glass double. 
4-5.5 358 324 Double double. 
y 5-7.5 3 184 White-Lilac. 
61 5.6-6.3 23 I27 
59  4.7-9 20 352 
ш 5-6-7.5-І2 2.4 125 Multiple Star. 
208 56 
35 264 
І6 5.5-5.5 37 136 
26 5.3-8.5 AI 146 Yellow-Blue. 
48 6-6 178 174 
= 2486 6-6.5 IO 224 
= 2578 6.5-7.5 15 127 
3 6-6 54 5 


Observe with a low power the wonderful star stream 
about the star y. The “+” marks the location of the 
famous Dumbbell Nebula, M 27, in Vulpecula. Use 
low power. 

Many consider beta Cygni the finest double star in the 
sky. Its contrasting colors, gold and blue, are very 
beautiful. 

Two marvelous diffused nebule are located in Cygnus, 
but unfortunately they are beyond the range of small 
telescopes. Long time exposures with the aid of the 
largest telescopes have revealed the rare and. wonderful 
beauty of these remote objects. 
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AQUILA 


AQUILA 
AQUILA (ak’-wi-la)—THE EAGLE (Face Southeast) 


Location.—Half-way up the sky, in the Milky Way, 
note three stars in a line, a bright star flanked by two 
fainter stars. The brilliant star is Altair, in the con- 
stellation Aquila. It forms with Vega in the Lyre, and 
Deneb in the constellation Cygnus, an isosceles triangle. 
Altair lies at the apex of this triangle about 35 degrees 
from Vega and Deneb. 

This is a double constellation composed of Aquila and 
Antinotis. The latter only contains a few faint stars and 
is seldom referred to. 


Mythology 


Aquila is next 
Divides the ether with her ardent wing 
Beneath the Swan, not far from Pegasus, 
Poetic Eagle. 


The history of the constellation Aquila dates 
back to the earliest times, but very little of 
interest in the way of myth and legend relating 
to it has come down to us. 

Тһе Summerian-Akkadian Eagle was “Alula” 
(the great spirit) the symbol of the noontide 
sun. On a Euphratean uranographic stone of 
about 1200 В.С. there is a bird figured which is 
supposed to represent this constellation. 

There is a close connection between the con- 
stellations Aquila and Aquarius, as they are 
both supposed to relate to Ganymede, the Cup 
Bearer of the gods. It is said that an eagle, the 
bird of Zeus, bore Ganymede aloft in its talons 
to his place in the sky. 
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Through all the ages Aquila has been known 
as a bird of prey, bearing the titles, ‘‘Eagle of 
the Winds" and “Soaring Eagle." Just as in 
the region of the sky around Aquarius we find 
aquatic creatures, so, here in this part of the 
heavens, we find the birds, the Swan, the Falling 
Eagle, Lyra, and the Swooping Eagle, Aquila. 

The Persians, Hebrews, Arabs, Greeks, and 
Latins all knew this constellation as ' the Eagle." 


For the Naked Eye and Field Glass 


In A.D. 389, a wonderful Nova or new star flashed out 
near Altair that equalled Venus in brightness, and vanished 
in three weeks time. 

On the night of June 8th, 1918, another beautiful Nova 
blazed forth in the constellation Aquila, about seven 
degrees northwest of ^ Aquilae. See Chart. When first 
seen it was brighter than Altair and rivaled Vega in 
brilliance, the brightest Nova that had appeared in 300 
years. The star rapidly waned in brilliance, and at the 
present writing is between 11.0 and 12.0 magnitude. We 
do not know as yet how to account for the sudden appear- 
ance of these brilliant stars. The phenomenon is probably 
due to a collision of heavenly bodies, or an explosion of 
a faint star. 

The feature of the constellation is the beautiful first 
magnitude star Altair. This star rises eight degrees north 
of the exact eastern point on the horizon in the early 
evening about the middle of June, and sets during the 
early evening hours about the middle of December, so 
that it is visible all summer. With its two attendant 
stars, one on either hand, it presents a charming appear- 
ance. It culminates at 9 Р.М. September Ist. 


(Continued on page 172.) 
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For the Naked Eye and Field Glass—Continued 


Altair is a star of the Sirian type, sixteen light years 
distant and is approaching us at the rate of twelve miles 
a second. It is а comparatively near neighbor of ours, and, 
actually only some nine times as bright as our sun and 
probably three times as bright per square mile, which 
makes its diameter one-half as great again as our sun’s. 

Altair, with its two companion stars Beta and Gamma 
Aquile, constitute the so-called “Family of Aquila." 
'The line joining these stars is five degrees in length and 
makes an excellent yard stick. 

There is an interesting short period Variable Star in 
Aquila, namely 7 Aquile. It changes from 3.5 magnitude 
to 4.7 and back again within a period of seven days, four 
hours, and twelve minutes. Remaining at maximum 
brilliance for forty hours, then gradually growing fainter 
for sixty-six hours. It remains at minimum brilliance for 
thirty hours, and then slowly regains its original bright- 
ness. It is а Cepheid Variable, that interesting class of 
stars which have enabled Professor Shapley to plumb the 
depths of the universe. 

Observe with a field glass the star cluster 4440 (See 
Telescope Chart), a beautiful object consisting of stars of 
the ninth to the twelfth magnitude. 

Another fine cluster, to be observed with a field glass, 
is in Sobieski's Shield, a small asterism west of ^ Aquila. 
A little southwest of ^ is a fourth magnitude star. 
The cluster is west of this star at about the distance 
separating а and В Aquila. 

The variable star R (see Telescope Chart) can be picked 
up with a field glass at, or near, its maximum, 6.5. 

The radiant point of the Aquilids, the meteor shower 
visible from June 7th to August 12th, is located about 
five degrees east of Altair. 
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For the Telescope 


The chart indicates the position of the many fine double 
stars in this constellation listed below: 


Double Distance, Angle, 
Star Magnitud Seconds Degrees Remarks 
57 5-6 36 170 Yellow-Green. A fine 
double. 
15 5.5-7.5 35 206 White-Lilac. 
5 6-7 E3 I2I White-Bluish. 

28 6-8 60 175 

II 5.7-8.2 18 242 Optical double. 
= 2644 6-7 3 208 Primary bluish white. 
> 2654 6.2-7.7 14 234 
> 2446 6-8 10 154 
X 2628 6-8 4 349 Yellow-Purple. 


Altair has a tenth magnitude companion at a distance 
of 152"; angle 322°. 

R denotes the position of a long period Variable star 
that fluctuates in light from a 6.5 magnitude star at 
maximum, to а 11.0 magnitude star at minimum, in a 
period of 351 days. 

Struve gives white as the color of both of the stars in 
the double 57. 
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DELPHINUS AND SAGITTA 


DELPHINUS 


DELPHINUS (del-fi’-nus)—THE DOLPHIN, OR JOB'S 
COFFIN (Face Southeast) 


LocaTion.—The little group of five faint stars, forming 
the constellation Delphinus, is located about ten degrees 
northeast of Altair, in Aquila. A line drawn from Vega 
in Lyra to B Cygni, prolonged about twenty degrees, 
indicates the fourth magnitude star e in the tail of the 
Dolphin. 

Delphinus is also called '' Job's Coffin.” 


SAGITTA 
SAGITTA (sà-jit-a)—THE ARROW (Face Southeast) 


LocaTIon.—The dainty little constellation of the Arrow 
lies close to Delphinus, and about midway between 8 
Cygni and Altair in Aquila, in the Milky Way. 

It is composed of five faint stars, and is of interest 
because it really looks like an arrow. 

Webb says of it: “A little asterism, of much greater 
antiquity than might have been supposed from its size 
and the smallness of its components. Sweeping here 
is magnificent." 
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Mythology 


DELPHINUS 


The Dolphin small of sight floats 
O'er the Goat. 


ARATOS. 

The popular legend relating to the Dolphin 
associates it with Arion, and is as follows: 
Arion, a native of Lesbos, was a famous poet 
and musician. He embarked on a ship to 
return home. ‘The sailors, envious of his fame, 
determined to kill him. Arion became aware 
of the plot and requested that his lute be given 
him. His request was granted, and the magic 
of his music attracted around the ship a school 
of Dolphins. Arion leaped on the back of one of 
them, and the creature bore him safely ashore. 
He denounced the sailors who, on their arrival 
in port, were executed. Neptune, pleased with 
the Dolphin for the service rendered Arion, 
honored it with a place among the stars. 


SAGITTA 


According to one authority, this is the Arrow 
with which Apollo killed the Cyclops. We are 
also told that it was one of the arrows used by 
Hercules to kill the hideous vulture that was 
gnawing at the vitals of Prometheus as he was 
chained to a rock on the summit of Mount 
Caucasus. 

Sagitta has also been regarded as Cupid’s 
Arrow. 
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For the Naked Eye and Field Glass 


DELPHINUS AND SAGITTA 


The peculiar star names given alpha and beta Delphini, 
spell backwards the name of the astronomer Piazzi’s 
assistant, Nicholaus Venator. 

In Greece, the Dolphin was regarded as “һе Sacred 
Fish," the sky emblem of philanthropy. The Arabs called 
this group “ће Riding Camel." The Chinese knew it as 
“the Gourd.” 

Sweep over the region about Delphinus and Sagitta with 
an opera glass. It is an attractive field. 


(For the Telescope, see p. 180.) 
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DELPHINUS AND SAGITTA 


DELPHINUS 


For the telescopist the following double stars are 
given, out of the many in the constellation. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
а 4-9.5 35 278 
y 4.5-5.5 10 269 Yellow-Bluish green. 
A beautiful object. 
= 2678 6.1-8.2 4 349 In Aquila. 


0 Delphini lies in a rich field. 

There is an attractive pair of stars in the field with e 
Deiphini. 

Just southwest of ¢ Delphini is a triple star. Its com- 
ponents are of the 7.5 magnitude. 

Delphinus contains a large number of long period 
Variable Stars. 


SAGITTA 


The following double stars will interest telescopists: 


Double Distance, Angle, 
Star Magnitude | Seconds Degrees Remarks 
€ 6-7.8 92 81 
ө 6-8-7 II-70 326-226 Triple. 
[4 5.7-8.8 8.8 312 Green-Blue. 


Note 13, a sixth magnitude star with a seventh magni- 
tude companion, 340” distant, angle 13°. 

Alpha and beta are both wide doubles. 

Fifteen commands a fine group. A few minutes of arc 
north of it is a beautiful sapphire blue star. 

т lies in a rich region. А circle around it of thirty or 
forty minute radius will include several attractive pairs 
of stars. 

Webb describes the cluster 4520 as an interesting 
specimen of the process of nebular resolution. About one 
degree south of it is a beautiful low power field containing 
pairs and triples. 


180 


DELPHINUS AND SAGITTA 


SAGITTA 
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SAGITTARIUS 


SAGITTARIUS (saj-i-ta/-ri-us) THE ARCHER 
(Face South) 


LOcATION.—This conspicuous zodiacal constellation is 
situated on the ecliptic, between the constellations Capri- 
cornus to the east and Scorpius to the west. A line drawn 
from Deneb in Cygnus, to Altair in Aquila, prolonged an 
equal distance, terminates in Sagittarius, about ten 
degrees east of its distinguishing feature, the “Milk 
Dipper.” 

Sagittarius is about south in a fine position for observa- 
tion during the month of July, between the hours of 9:30 
and II:00 P.M. 
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SAGITTARIUS 


Mythology 


Midst golden stars he stands refulgent now 
And thrusts the Scorpion with his bended bow. 


OvID. 


The constellations Sagittarius and Scorpius 
are closely associated, for the Archer has from 
ancient times been depicted as aiming his shaft 
at the heart of the Scorpion. 

According to the Greek legend, Sagittarius 
represented the celebrated Centaur, Chiron, a 
figure half-man, half-horse. He was the son 
of Saturn and Philyra, and is said to have changed 
himself into a horse in order to escape from his 
jealous wife, Rhea. 

Chiron was famous in his day for his know- 
ledge of medicine, music, and marksmanship. 
He is said to have taught mankind the use of 
plants and herbs for medicinal purposes. He 
was a noted educator, and numbered among 
his pupils such famous personages as Apollo, 
Hercules, Asculapius, Achilles, Jason, and 
ZEneas. 

Mythology ascribes his death to a scratch 
which he received from a poisoned arrow. 
Jupiter pitied his sufferings and honored him 
with a place among the stars. 

Sagittarius is sometimes called ''the- Bull 
Killer," which signifies that, when the stars in 
Sagittarius rise in the east, thev seem to drive 
the stars of Taurus, the Bull, below the horizon. 
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SAGITTARIUS 


For the Naked Eye and Field Glass 


Observe with opera or field glasses the dark lanes and 
areas in the Milky Way in this constellation, especially 
near the stars y and 6 Sagittarii. These aré now known 
to be non-luminous clouds of obscuring matter, like the 
“Coal Sacks” in Cygnus. 

Note particularly the clusters M 8 and M 24. 

On a clear moonless night the little asterism, known as 
“Corona Australis,” the Southern Crown, can be seen 
about ten degrees south of the bowl of the ‘‘Milk Dipper.” 
It is оп the meridian at 9 Р.М., August 13th. 

The bow of the Archer, represented by a curved group 
of three fairly bright stars, is marked by the stars A, 4, 
and е Sagittarii. 

y Sagittarii, a star of the third magnitude, marks the 
tip of the drawn arrow pointed directly at the ruddy star 
Antares in the heart of the Scorpion. 

The stars, ¢ and £ in the “ Milk Dipper,” are moving іп 
opposite directions in the sky. This motion will, in the 
course of thousands of years, distort the figure to such an 
extent as to render the famous figure of the ‘‘ Milk Піррег” 
no longer recognizable. 

The stars А, е, and y Sagittarii are rapidly moving in 
parallel lines in a southwesterly direction. The star 6 
Sagittarii, which is the middle star in the bow, has a 
small proper motion toward the southeast. 

Shapley has recently announced that the center of the 
great Galactic system is located in this region of the sky. 
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SAGITTARIUS 


For the Telescope 


Owing to the presence of the Milky Way in this con- 
stellation, the region offers many beautiful clusters for 
the telescopist to observe. To sweep over this part of 
the sky, with low powers, is to derive much pleasure. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
54 6-7.5 45 42 Yellow-Blue. 
м — 3-5-9.5-10 48 312 A multiple star. 
45 114 
> 2325 6-9.5 12 257 In Sobieski’s Shield. 
= 2306  7.2-8 12 210 Іп Sobieski’s Shield. 


A beautiful double. 


Sagittarius contains one of the most remarkable objects 
in the heavens—a marvellous star cluster. Unfortunately 
it requires a powerful telescope to observe it. As many as 
15 Cepheid Variables have been discovered in this cluster. 
They vary in brightness about one magnitude, and their 
periods range from 64 to 12 days. At maximum they are of 
the 17th to the r9th magnitude. The stars with the longest 
periods are brightest. Professor Russell estimates that 
the brightest stars in the cluster are about thirty thousand 
times as bright as the sun. The total number of stars in 
the system must run well over a million. The most 
astounding fact of all is that the calculated distance of 
the cluster from us is 700,000 light years. 

There are many fine clusters in this region that claim 
attention. Note especially M 22, M 24, M 25. Messier 
22 is at a distance of 27,000 light years and must contain 
50,000 stars. This cluster is visible to the naked eye, and 
has been known since 1665. Sweep over the Milky Way 
in this region of the sky with a field or opera glass. 

Observe the so-called “Trifid Nebula" 4355 (М 20), 
also M 17, known as “the Horse-shoe Nebula," one of 
the few nebulae that can be observed with comparatively 
low optical power. 

M 18 is in a glorious field. 

About 114° south of à Sagittarii is a fine seventh magni- 
tude triangle of stars. 
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OPHIUCHUS AND SERPENS 


OPHIUCHUS AND SERPENS 


OPHIUCHUS (of-i-ü-kus), THE SERPENT BEARER, 
AND SERPENS, THE SERPENT (Face Southwest) 


Location.—A line drawn from є Delphini to у Aquile, 
prolonged about thirty degrees, strikes alpha Ophiuchi, 
а second magnitude star in the head of the giant Ophiuchus, 
the brightest star in this large constellation. 

Alpha Ophiuchi, Altair in Aquila, and Vega in Lyra 
form an isosceles triangle. Altair is at the apex. 

Two constellations are here combined and their stars 
intermingle. 

Alpha Herculis, marking the head of the Hero, lies just 
west of alpha Ophiuchi. 

Equally distant southeast and southwest of alpha 
Ophiuchi are to be seen two pairs of stars which mark the 
shoulders of the giant. His feet rest on the Scorpion, just 
above the red first magnitude star Antares in the heart 
of the Scorpion. 

The head of the Serpent is marked by a group of faint 
stars in the form of an “Х”, just below the Crown. 


Mythology 


'Thee, Serpentarius, we behold distinct 
With seventy four refulgent stars. 


ЕороѕА. 


The giant Ophiuchus is represented on the 
ancient atlases as standing on the Scorpion, 
and holding in his hands across his knees a 
writhing serpent, which the constellation Serpens 
represents.  ''Serpentarius" is another name 
for the giant. 
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According to the Greek legend, Ophiuchus 
represents the renowned physician ZEsculapius, 
the inventor and god of medicine, with whose 
worship serpents were always associated. 

ZEsculapius is said to have been educated 
either by his father Apollo, or Chiron the 
Centaur. He was so skillful in his profession 
that it is said he could even restore the dead 
to life. This achievement so alarmed Pluto, 
who reigned over the nether world, that he 
persuaded Zeus to remove ZEsculapius from the 
earth and place him among the stars. 

In the middle ages, Ophiuchus was sometimes 
regarded as representing Moses with the Brazen 
Serpent. It is also claimed that Ophiuchus 
represents Laocoón, a son of Antenor. To 
punish him for thrusting a spear through the 
famous wooden horse at Troy, two serpents 
were sent to attack him, and strangled him in 
their folds together with his two sons who came 
to his rescue. 

There is a noted piece of statuary in the 
Vatican Museum depicting this tragedy. 

The constellation was known to the ancients 
fully 1200 В.С. 
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For the Naked Eye and Field Glass 


Sweep with a field or opera glass for a cluster of 8th 
magnitude stars near В Ophiuchi. The star is in the right 
shoulder of the giant. 

1604 indicates the spot where, in that year, a famous 
Nova appeared known as ''Kepler's Star." At maximum 
it rivalled Venus in brilliance. 

Observe the small asterism, “Тһе Bull of Poniatowski," 
just east of y Ophiuchi. It is an attractive group of four 
stars. The star 70 can hardly be called a near neighbor. 
Its distance has been estimated at 120 quadrillions of miles. 

The dark regions of the Milky Way, conspicuous objects 
in this constellation, are known to be clouds of cosmic 
matter that obstructs our view of the more remote stars. 
Professor Bailey is of the opinion that the cloud near p 
Ophiuchi, discovered by Professor Barnard, obscures from 
our view no less than 10,000 stars or more to a square 
degree, taking into account stars we are able to photograph. 

According to Professor Russell, these cloud masses are 
approximately 400 light years distant. They must be at 
least 50 light years long, and several light years wide. 

The constellation Ophiuchus contains a remarkable star. 
It is known as ‘‘Barnard’s Runaway Star” because of its 
extraordinary high proper motion. It was discovered by 
Professor Barnard in 1916. 

The star is orange in color, and its magnitude is IO. 
It is situated just west of the fifth magnitude star 66 
Ophiuchi, which is the uppermost star in the Bull of 
Poniatowski. This star has a proper motion of 162 miles 
a second. It is approaching us аё the rate of 73 miles a 
second, and is 6.1 light years distant, the nearest star to 
us in the northern hemisphere, and the third nearest of 
all the stars. The star is rushing northward, a moon's 
breadth, in 190 years. It is a dwarf star of the M type. 
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For the Telescope 


The star cluster 4083 (M 5) is an interesting object. 
According to Professor Shapley, it is 39,800 light years 
distant. With the exception of M 13, which is the great 
cluster in Hercules, it is the nearest of the northern 
globular clusters. Scores of the stars in this cluster are 
variables. 


OPHIUCHUS 
Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
67 4-8 54 144 Yellow-Red or purple. 
Fine contrast. 
36 6-6 4 43 Yellow-Red. 
39 5.5-6 II 358 Yellow-Blue. 
= 2166 5.7-7.4 27 283 White-Bluish. 
бі 5.5-5.8 20 94 
53 5.6-7.3 41 191 
19 6-9.3 22 93 
70 4.3-6 4 148 Yellow-Red. 
р 6-6 4 2 Fine close pair. Yel- 
low-Blue. 


Webb says that the region near the Nova 1848 should be 
closely observed. 


SERPENS 


In dotted line on the Diagram. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
8 3-4 3 197 Both white. А fine 
object. 
6 4-4.2 2I 104 Both yellow. Lies in 
rich field. 
v 4:5-9 50 3r Green-Lilac. 
B 3-9 30 265 Blue-Yellow. 
5 5-10 10 41 
Х 2342 6-8 26 120 
X 1931 6.2-7.6 ІЗ 172 


70 Ophiuchi, and » Serpentis are colored Variables. 
Observe the double star m Herculis. Magnitudes 6-8; 
Distance 69”; Angle 230°. 
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SCORPIUS 
SCORPIUS (skér’-pi-us) THE SCORPION (Face South) 


LocaTion.—The constellation Scorpius lies just south 
of Ophiuchus, the Serpent Bearer. It is a conspicuous 
zodiacal constellation, and the resemblance to a scorpion 
traced out in stars is not difficult to see. 

The red first magnitude star Antares, the brightest star 
in the constellation, is in the heart of the Scorpion. The 
arrow aimed by Sagittarius, the Archer, points directly 
to it. 

The constellation is situated on the ecliptic between the 
constellations Sagittarius to the east, and Libra to the 
west. 


Mythology 


There is a place above where Scorpio bent 
In tail and arms surround a vast extent. 


Оу. 


The constellation Scorpius is mentioned by 
all the early writers on Astronomy. It is 
supposed to have received its name from the 
fact that, when the sun entered this sign in 
ancient times, sickness was prevalent in Egypt. 

The old myths concerning Scorpius connect it 
with Orion, the Giant Hunter. The creature is 
said to have sprung out of the earth at the 
command of Juno, who, incensed at Orion's con- 
ceit, ordered the Scorpion to attack him. The 
Scorpion stung Orion in the foot, causing his 
death. Subsequently, Orion and the Scorpion 
were both honored with a place among the stars, 
but they were so placed that they never appear 
in the heavens at the same time. 
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The star name Antares, given to the brilliant 
star in Scorpius, means ‘‘the rival of Mars.” 
Antares was one of the so-called ''Royal Stars” 
of Persia 3000 years в.С. In China 1% was known 
as ‘‘the Fire Star." 

A record of a lunar occultation of beta Scorpii 
in the year 295 В.С. is extant. 


For the Naked Eye and Field Glass 


According to several well known authorities, the stars 
in Scorpius belong to a great cluster at a distance of 
three or four hundred light years. This cluster is slowly 
approaching us at the rate of four miles a second. 

The star е Scorpii has the most rapid proper motion of 
the stars in the constellation. It is moving in a south- 
westerly direction, and probably nearer to us than any of 
the other stars in Scorpius. 

The majority of the stars in Scorpitis are between 180 
and 400 light years distant. Some are possibly 1,000 
light years away. 

The feature of the constellation Scorpius is the star 
Antares, the rival of Mars. This star is a super-star, a 
giant among giants. The diameter of Antares was recently 
measured with the interferometer by Professor Pease at 
the Mt. Wilson Observatory. It was found to be 420 
million miles in diameter, more than twice the diameter of 
the earth’s orbit. (See diagram, p. 503.) 

According to Professor Russell, Antares is at least 
3,000 times as bright as the sun, but gives out per square 
mile only one-eightieth as much light as the sun. The 
star is approximately 360 light years distant. 

The density of Antares is certainly very low, possibly 
approaching what we would call а vacuum. It is one of 
the red giant M type stars. (See Betelgeuse, р. 311.) 

Antares rises at sunset June rst, and is on the meridian 
at 9 P.M., July 11th. 


(Continued on page 196.) 
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For the Naked Eye and Field Glass—Continued 


Two or three degrees north of Antares is the spot where 
Coddington’s Comet, C 1898, was discovered. It was 
the third comet to be discovered photographically. 

A sweep over this region with opera or field glass will 
reveal many beautiful objects. 

If the night is clear you can see the star cluster M 80 
and the two clusters indicated on the diagram a short 
distance northeast of the star А Scorpii; М 6 and M 7. 

Herschel considered that the cluster 4173 (80 M) was 
the richest mass of stars in the heavens. On the eastern 
side of this cluster is a starless area, one of the so-called 
‘Coal Sacks.” 

The star ^ Scorpii is 360 light years distant, and must, 
according to Professor Russell, exceed the sun in light 
2,000 times. Its spectrum is of the “Опоп type." It is 
a brilliant white star, and intensely hot. Its temperature 
is probably from 20,000 to 30,000 degrees Centigrade, as 
against 6,000 degrees for the sun. 

> is a double for a field glass held steadily. 

The star м Scorpii is a fine naked eye double. It moves 
with a speed no less than 300 miles a second, in an orbit 
about six million miles across, the mass of the system 
being about 18 times that of the sun. 

The curved tail of the Scorpion is marked by the two 
stars ^ and v Scorpii, a conspicuous pair. 

Many Nova, or temporary stars, have appeared in this 
region of the sky. The first one noted in astronomical 
annals appeared in Scorpius in 134 B.C. 

The head of the Scorpion is marked by the three stars 
B, 6 and т Scorpii to the west of Antares. 
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For the Telescope 


The components of the double star Е Scorpii revolve 
about their center of gravity in a period of 45 years. A 
little south of this star is the double star 2 1999, М 7.5-8, 
Ото", тоз 

The vivid green companion of Antares is an interesting 
star. It is three seconds distant from its giant companion, 
and at an angle of 270 degrees. Its spectrum is of the 
Orion type, which means that it is an intensely hot star. 
Its real luminosity must be about fifty times that of the 
sun. The two stars probably form a binary system. They 
are moving together in space, and show traces of slow 
orbital motion. Proctor says that a larger glass than a 
four-inch is required to split the star. 

The constellation Scorpius contains many attractive 
telescopic objects. The following double stars will be of 
interest to those possessing telescopes. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
B 2.9-5 I3 24 White-Bluish. Fine 
contrast. 
у 4-7 41 336 A multiple star. Field 
glass double. 
c 3-9 20 qu White-Blue. 
é 4.6-7 7 65 White-Gray. A beauti- 
ful field. 
P236 6.5-8 4 231 A fine pair. 
p 6- 9 4 2 Іп Ophiuchus. 


The cluster 4264, іп Ophiuchus, was discovered by 
Messier in 1764, and catalogued as a nebula. In 1784 
Herschel proved it to be a globular cluster. 

The cluster 4268 was discovered by Herschel. It is 
2’ in diameter, 

4270 is a fairly brilliant globular саа followed by а 
faint nebula. 

у Scorpii is Said to be the most beautiful е star 
in the sky. A 3” glass shows only two stars. 
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LIBRA 
LIBRA (H'-bra)—THE SCALES (Face Southwest) 


LocATION.—Libra, an inconspicuous zodiacal con- 
stellation, is located between the constellations Virgo and 
Scorpius. Its two principal stars, alpha and beta Libre, 
of the third magnitude, are a few degrees west of the 
Scorpion. See Diagram. 

« Libre, a star of the fourth magnitude, is situated 
about twenty degrees northwest of Antares, the brilliant 
red star in the heart of the Scorpion. 

A quadrilateral figure, formed by the four brightest 
stars in the constellation, outlined in the Diagram, will 
be of assistance in identifying Libra. 
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Mythology 


Libra weighs in equal scales the year. 
THOMSON. 


The ancient Hebrews, and early inhabitants 
of India, regarded these stars as representing a 
celestial balance. | 

The Greeks combined this constellation with 
the Scorpion, and the stars in Libra marked the 
claws of the creature. Later, they believed that 
Libra represented Mochus, the inventor of 
weights and measures. 

The title “Libra” for this constellation, we 
owe to the Romans. In the days of Julius 
Cesar, Libra was regarded as the balance of 
Æstræa, the goddess of Justice, upon which the 
fate of mortals was weighed. 

It is supposed that the figure of a balance in 
this region of the sky refers to the fact that, 
when the sun passes through this constellation, 
the days and nights are of equal length. 

Virgil relates that the stars in Libra were held 
in high regard by husbandmen as they indicated 
the time of year for sowing their winter grain. 
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For the Naked Eye and Field Glass 


Alpha Libre has a 5.3 magnitude companion at a dis- 
tance of 230”. Observe it with a field or opera glass. 

Beta Libre is the only naked eye star that is green in 
color. It is a wide double for a field glass, and is approach- 
ing our system at the rate of six miles a second. Early 
writers mention the brilliance of this star. Claudius 
Ptolemy gives it as equal to Antares. One of these two 
stars has possibly varied in light since ancient times. 


For the Telescope 


For the telescopist the following double stars are worthy 
of observation: 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
t 5.5-9.5 57 IIO Yellow-Purple. Dif. 

ficult for a 3 inch 
telescope. 

pane 6-7.5 15 293 

= 1962 6.3-6.4 12 187 A fine object. 

H4783 6-9 ІІ 232 

54 Hydre 6-7.5 9 129 


According to Professor Wilson, Р 212 resembles the 
double 61 Cygni. Both stars have a large proper motion 
in the same direction. 

Delta Libre is a Variable Star of the Algol type. It 
was discovered by Schmidt in 1859. It has a period of 
two days and eight hours. 
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CORONA BOREALIS (ko-rd’-na bo-re-a'-lis)—THE 
NORTHERN CROWN (Overhead) 


Location.—A line drawn from a Cygni to Vega, pro- 
longed a little over forty degrees, terminates in the Crown. 
The constellation lies between the constellations Hercules 
and Boótes, and just above the diamond-shaped group in 
the head of the Serpent. 

The Crown is composed of seven stars in the form of a 
semicircle, and the group bears a striking resemblance to 
the diadem its stars represent. The seven principal stars 
in the constellation are of the fourth magnitude, excepting 
alpha Corona, which bears the name ''Gemma." This 
star is of the second magnitude, and known as “the Pearl 
of the Crown." 

Gemma, sometimes called ''Alphecca," forms with у 
Boótes and Arcturus an isosceles triangle, the vertex of 
which is marked by the star Arcturus. 


Mythology 


And midst the glittering symbols of the sky, 
'The starry crown of Ariadne glides. 


APOLLONIUS RHODIUS. 


The Crown, according to an ancient legend, 
commemorates the diadem presented to Ariadne 
by Bacchus. It is related that Theseus, son of 
the King of Athens, was confined in the famous 
labyrinth of Crete, a prey to the ferocious 
Minotaur, half man, half bull, that inhabited the 
place. 

Each year the Athenians were compelled to 
offer the Minotaur as tribute a number of their 
young men and maidens. Theseus was one of 
this unfortunate number. He resolved to kill 
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the monster, and his loved one Ariadne gave 
him a sword and a spool of thread. Unwinding 
the thread as he penetrated the winding paths 
of the labyrinth, he came upon the monster and 
slew it, then retracing his steps with the aid of 
the thread he escaped from the place. 

Although Theseus married Ariadne, later on 
he deserted her, but the gods in pity gave her a 
beautiful crown which on her death was placed 
in the sky, and we now behold Ariadne’s Crown 
adorning the night skies of Summer. 

The Shawnee Indians of our own country 
called this group of stars “Һе Celestial Sisters," 
and have an interesting legend respecting it, 
but lack of space does not permit of its inclusion 
here. 

'The Arabs imagined that they saw in this 
group of stars a dish, and their star name for 
alpha Corone, '"Alphecca," means ‘‘the Bright 
one of the Dish." 


For the Naked Eye and Field Glass 


This beautiful coronet of stars is always a beautiful and 
alluring object to view with the naked eye or opera glass. 
For the field glass, observations of the irregular Variable 
Star R. Coronz are scientifically valuable. See paragraph 
in For the Telescope, p. 208. 

Close to e Coronae a brilliant star suddenly appeared 
May 12, 1866. At maximum it was as bright as Polaris. 
It was known as “‘the Blaze Star." It was visible to the 
naked eye for only eight days, fading to the tenth magni- 
tude, and then rising to the eighth magnitude where it 
still remains. It was found that it had been observed 
before by Argelander, and entered in his famous catalogue 
as a ninth magnitude star, so that it was recognized to be 

(Continued on page 206.) 
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For the Naked Eye and Field Glass—Continued 


a remarkable Variable, but not a Nova in the true sense 
of the word. The star is now known as “Т” Corone. 

Т Corone was the first temporary star subjected to 
examination by the spectroscope. Huggins detected in 
its spectrum the strong bright lines of hydrogen, which 
are characteristic of the type. The star is remarkable for 
the fact that it was located forty degrees from the Milky 
Way, whereas practically all Novee lie close to the plane of 
the Galaxy. The star was brighter before the outburst of 
light than any other temporary star yet recorded. More- 
over, the period of brightness was unusually short-lived, 
enduring but a few months, where other Nove have often 
required years to return to their original states. The star 
is now between ten and fifteen times the sun’s brightness. 

a Coronae, ог Gemma, is in almost exactly the same 
condition, physically speaking, as our sun. According 
to Professor Russell, it belongs to a group of stars, which 
include Sirius and the five inner stars in “the Dipper,” 
and this group is moving through our great star cloud. 
We are so near this moving group that its bright stars 
look to us widely separated in the sky, but after, say, 
tens of millions of years, they would be seen as a compact 
swarm. The shape of this moving cluster is remarkable 
in that it is very much flattened, or disc-shaped ; its extreme 
diameter is about rro light years, and its thickness only 
about eight light years. Its individual suns are all moving 
through space, in parallel paths, with a uniform speed of 
18 miles a second. The distance of Gemma from the 
earth is approximately 61 light years, and its actual 
brightness 38 times that of the sun. 

The grouping of the Crown is merely an effect of 
chance. No two of the seven stars are moving in the 
same direction, or at the same rate. а and В Corone 
are moving in opposite directions, ап@ have nearly ex- 
changed places in the past 50,000 years. At an equal 
interval in the future, they will be apparently three times 
as far apart as they are now, so that the constellation will 
bear no resemblance to its present aspect. 
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For the Telescope 


Webb cites sixteen double stars in this constellation, 
but only a partial list can be given here. The Chart 
indicates their location. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
2 4-5 6 303 White-Blue or green. 
с 5-6 5 219 Great divergence as to 
colors. Binary. Pe- 
riod 350 years or 
more. 
= 1964 6.8-7.3 I5 86 


The + marks the spot where “the Blaze Star,” referred 
to above, appeared in 1866. 

“В” marks the location of a remarkable irregular 
Variable Star. It remains sometimes for as long as two 
years at 6.0 magnitude, just visible to the naked eye, then 
declines in brightness rapidly within the course of a few 
weeks to thirteenth magnitude or lower, and later slowly 
resuming its original brightness, presenting a baffling 
enigma. This star is being closely observed by the mem- 
bers of the American Association of Variable Star 
Observers. 

тп Corone is a splendid double star, but the pair are 
too close to be split by an aperture under five inches. Its 
period is 41.5 years, and three revolutions have been 
completed since its discovery by Herschel in 1781. 

> Согопг is a fine wide double, visible to the naked 
eye. Both deep yellow with a sixth magnitude gray star 
following. 4.8-5.1; Distance 371"; Angle 165.6°. The 
two components are moving in opposite directions. 
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HERCULES 
HERCULES (her'-ka-lez) — THE KNEELER (Overhead) 


LocaTion.—A line drawn from either Vega in Lyra, 
or Altair in Aquila, to alpha Coronae (Gemma), passes 
through the constellation Hercules. 

The left foot of Hercules, marked by the fourth magni- 
tude star ‹ Herculis, rests on the head of the Dragon in 
the north. Тһе head of Hercules, marked by the third 
magnitude star alpha Herculis, nearly touches the head 
of the giant Ophiuchus. 

Alpha Herculis, which bears the Arab name “Каз 
Algethi," is about 25 degrees southeast of Corona Borealis. 

Alpha Herculis and alpha Ophiuchi are only five degrees 
apart. 

The stars, е 5 7, and т Herculis, form a figure shaped 
like a keystone which serves to identify the constellation. 

On а clear moonless night the obsolete asterism known 
as Cerberus, representing the three-headed dog which 
Hercules holds in his hand, can be seen. 


Mythology 


Hercules with flashing mace. 
BRYANT. 


There is a great deal of mystery concerning 
the origin of this constellation. It is one of the 
most ancient of the star groups. 

We know that it was worshipped by the early 
Phoenicians as representing their god Melkarth. 
The Greeks knew it as ‘‘the Phantom," and 
"the Man upon his Knees.”’ 

For us, the constellation memorializes Her- 
cules, the famous Theban hero of mythology, 
celebrated for his twelve labors which required 
the display of such prodigious valor and heroism. 

210 


HERCULES 


The death of Hercules was a tragic affair. It 
is related that the hero, tortured by a tunic he 
had unwittingly put on, which proved to contain 
a deadly poison, climbed to the summit of Mt. 
(Eta where he raised a funeral pyre, and reclining 
upon it, perished in the flames. 

Jupiter, in pity, caused a cloud to descend 
which enveloped him, and carried the hero to a 
place among the stars, where he now shines 
honored for all time. 


For the Naked Eye and Field Glass 


Hercules occupies the region of the sky toward which 
the sun is bearing the earth and all the planets at the rate 
of twelve miles a second. Herschel and Argelander fixed 
on lambda Herculis as marking the sun's goal, or Apex 
of the Sun's Way. More recent determinations have fixed 
its position as near the brilliant star Vega in Lyra. 

This region of the sky is remarkable for the fact that 
hardly any two stars are moving in the same direction, 
or at the same rate, and motions to the four cardinal 
points occur with an entire lack of uniformity, which is 
not true of stars in regions at right angles to this part of 
the sky. Professor Russell tells us that the reason for this 
apparent chaotic state of proper motion in this part of the 
sky is due to the motion of our system. (See p. 57.) 

Alpha Herculis is a red star and a Variable, which 
changes irregularly in brightness from the third to the 
fourth magnitude. According to Professor Russell, alpha 
Herculis gives only about one-fifth as much light in 
proportion to its heat as most stars of its class, and hardly 
one-fiftieth as much as a white star like Vega. This indi- 
cates that its surface temperature must be much lower, 
perhaps 2400 c. degrees, as against 3000 c. degrees for an 
Ordinary red star like Antares. 


(Continued on next page.) 
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For the Naked Eye and Field Glass—Continued 


The feature of the constellation Hercules is the great. 
globular star cluster, 4320 М 13. It is located on a line 
between the stars 7 and ¢ Herculis in the position indicated 
on the Diagram, two degrees south of n Herculis. 

This magnificent object, the finest globular cluster in 
the northern hemisphere, is barely visible to the naked 
eye on a clear moonless night, resembling a hazy star 
of the sixth magnitude. It was discovered by Halley in 
1716, who described it as ‘‘a little patch." It is easily 
discernible in an opera-glass, but it takes a 4-inch telescope 
to resolve its stars. In our largest telescopes it is an 
inexpressibly wonderful sight. Those who live in the 
neighborhood of a large telescope should ask for permission 
to view the wonders such telescopes reveal. Astronomers 
are busy people but are always willing to oblige those 
interested when it is possible to do so. 

Herschel estimated that it contained 14,000 stars. On 
a plate taken with the 60-inch reflector at Mount Wilson, 
by Professor Ritchey, with an exposure of 11 hours, 
Professor Shapley counted over 30,000 stars brighter than 
the 21st magnitude. Now the cluster is thought to com- 
prise not less than 100,000 stars. (See plate facing p. 22.) 

Parallax determinations, by indirect methods, have 
resulted in giving us, as an approximate distance of this 
cluster from our system, 36,000 light years. Professor 
Shapley's estimate of the diameter of the cluster is 320 
light years. It is said to be approaching us at a rate of 
not less than 200 miles a second. 

A study of the spectra of the stars in the cluster shows 
that the brighter stars are of the solar type, and are 
probably giants. Professors Shapley and Pease find the 
cluster somewhat ellipsoidal in shape. 


HERCULES 


213 


HERCULES 


For the Telescope 


The possessor of a small telescope will find in the follow- 
ing list of double stars many objects of interest and beauty. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
а 3.5-5.4 5 113 Yellow-Blue. Orange- 
Green also given. 
8 3-8 15 105 Green-Purple. Vari- 
able. 
ү 3.8-8 40 240 White-Lilac. 
p 4.5-5.5 4 312 Both green. 
95 5-5.2 6 262 Apple green-Cherry 
red. 
к 5-6 3І 10 Yellow-Red. 
= 2101 6-9 4 60 
= 2104 6-8 6 19 Fine double. 
Г 3.5-8 31 245 
тоо 6-6 14 182 A beauty. 
5 2007 6.5-8 32 328 
= 2190 6-9.5 10 23 
23 6-9 34 18 
= 2063 5.7-8.2 16 194 
> 2277 6.3-8.2 28 ІІ7 


The companion to delta Herculis has no connection 
with it, for the two stars are moving in different directions, 
and in a few centuries will be widely separated. 

The companion of mu Herculis is traveling with its 
primary at the rate of 80 seconds of arc per century. 
It is 31 light years distant. The faint companion is a 
close double whose components complete a revolution in 
their orbits in about 45 years. 

One of the smallest stellar masses concerning which 
we have any reliable knowledge, belongs to the companion 
of the double star ¢ Herculis. It is from one-third to one- 
fourth the sun’s mass. Professor Russell informs us that 
this star is 23.2 light years distant, and moves across 
the sky at the rate of 12.5 miles a second. It is approach- 
ing us at the' rate of 47 miles a second. It follows that 
this star is actually moving at the rate of 49 miles a second 
in a line which makes an angle of only fifteen degrees with 
the line joining it with the sun. Some 85,900 years hence 
it will appear as bright as Arcturus does now. 
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BOOTES 


SOOTES (bo-o-tez) — THE HERDSMAN, OR BEAR 
DRIVER (Face West) 


LocATION.—Boótes lies just west of the Crown, and 
east of the star Cor Caroli. It may be easily distinguished 
by the position and splendor of its principal star, Arcturus, 
which shines with a golden yellow light.  Arcturus is 
about thirty-five degrees east of the star Denebola in 
Leo, and nearly as far north of Spica the brilliant first 
magnitude star in Virgo. It forms with these two stars 
a large equilateral triangle. A line drawn from ¢ to 7 
Urse Majoris and prolonged about thirty degrees locates 
Arcturus, as does one from 6 Herculis to у Согопе pro- 
longed its length. 


Mythology 


Whose order'd beams 
Present a figure driving on his teams, 
Below his girdle, near the knees, he bears 
The bright Arcturus, fairest of the stars. 


MANILIUS. 


There is considerable variance in the my- 
thology relating to the constellation Boótes. 
According to some of the Greeks, Boótes repre- 
sented Icarius, the father of Erigone. Others 
considered it to be Erichthonius, the inventor 
of the chariot. 

According to another legend Boótes repre- 
sented Arcas, the son of Zeus and the nymph 
Callisto, who having been robbed of his posses- 
sions by his brother, after many hardships and 
wanderings, invented a plough, which was drawn 
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by two oxen. With this he tilled the soil and 
made a living. His mother Callisto was so 
highly pleased with his invention and industry 
that she induced Zeus to place her son in the 
sky together with his plough. 

There is a similarity in mythology between 
the constellations Boótes and Auriga. In both 
constellations we see figures representing famous 
inventors. 

Boótes has been called “Atlas” from its near- 
ness to the Pole, and because the figure appeared 
to hold up the heavens. 

Plunket claims 6000 B.C., and latitude 45? 
North, for the time and place of the invention 
of this constellation, as at that time and 
latitude Boótes might be seen at midnight of 
the summer solstice, standing upright on the 
northern horizon, his head reaching nearly to 
the Pole. Never since that date has he held so 
commanding a position in the sky, nor at any 
other southern latitude could his whole figure 
have been represented as standing on the 
horizon. 

The trapezium formed by the stars В, y, $, and 
v. Boötis was called “Һе Female Wolves" by the 
Arabs. They knew the stars 0, t, x, and А Boötis 
as the ‘‘whelps of the Hyenas.” 

The Arab name for the constellation Boótes 
was ''the Vociferator." 

The ancient Greeks called the constellation 
"Lycaon," a name signifying a Wolf. The 
Hebrews knew it as ''the Barking*Dog.”’ 

Boótes is among the first constellations 
recorded. Homer referred to it in the Odyssey. 
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The word means а Ploughman, or according to 
some authorities an Ox-Driver. The Greeks 
called it the ‘‘Bear-Driver’’ because the figure 
appears to drive the Great Bear about the Pole. 

The constellation is represented on the old 
atlases by the figure of a man in a running atti- 
tude. In one hand he holds a staff or spear, in 
the other he holds in leash the two hunting dogs, 
Asterion and Chara, that form the constellation 
of the Canes Venatici. 

There is a wealth of interesting information 
regarding the star Arcturus, the feature of the 
constellation Boótes. It has been called ‘‘the 
Watcher" or ''Guardian of the Bear." The 
Arabs knew the star as the '' Keeper of Heaven," 
and twelve hundred years ago it was an impor- 
tant star in the eyes of the husbandmen. In 
Hesiod’s ‘‘Work and Days” we read: 


When in the rosy morn Arcturus shines, 

'Then pluck the clusters from the parent vines: 
And when Arcturus leaves the main to rise 

A bright star shining in the evening skies, 
'Then prune the vine. 


Arcturus is also called ''Job's Star," because 
of the reference to it in the Book of Job, although 
this reference is now supposed to relate to Ursa 
Major. 
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For the Naked Eye and Field Glass 


Bootes is a conspicuous constellation. Lines connecting 
its bright stars outline a kite-shaped figure. Three stars 
of the fourth magnitude are situated in the right hand of 
the Herdsman. They are about five degrees north of 
т Ursee Majoris. | туч 

Contrast the colors of the stars Arcturus, Spica, Antares, 
and Vega. 

Arcturus is the fourth brightest star in the, northern 
hemisphere, and one of the most remarkable. Its magni- 
tude is 0.2. Arcturus is 41 light years distant, and about 
тоо times as bright as our sun. The diameter of Arcturus 
measured by Professors Michelson and Pease is twenty 
million miles, roughly 25 times the sun’s diameter. 

The light of Arcturus was used to open the recent 
Chicago Exposition, because this light left the star at the 
time of the World’s Fair in 1803. 

The heat derived from Arcturus.from measurements Бу 
Professor E. Е. Nichols equals that of a single candle at 
a distance of five miles. According. to Professor Adams 
the spectrum of Arcturus resembles that of a sun spot. 

The most remarkable fact about Arcturus is its great 
proper motion, that is, its annual displacement on the 
celestial sphere in seconds of arc. Its motion was first 
detected by Halley in 1718. He announced that Arcturus, 
Sirius, and Procyon had changed their position since 
ancient times. These were the first stars discovered to be 
moving and not absolutely fixed. 

The mean of threé authoritative determinations of the 
proper motion of Arcturus is 84 miles a second in the 
direction of the constellation Virgo. Of all the bright stars 
in the heavens, Arcturus has the most rapid motion. 

Arcturus is one of the so-called “Giant Stars," that is, 
а star of low temperature and low density which is at the 
beginning of its career as a star. 

The brightness of Arcturus was most impressive or 
October sth, 1858, when Donati's comet swept over it. 
On that night its golden light flashed through the comet 


(Continued on next page.) 
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For the Naked Eye and Field Glass—Continued 


very vividly when it was only twenty minutes of arc from 
the nucleus. It was remarked that the sight was rarely 
beautiful. 

The third magnitude star Nekkar, ot beta Boótis, marks 
the head of the Herdsman. It forms with delta and 
gamma Boótis nearly a right-angled triangle. 

Seginus, ог gamma Boötis, a third magnitude star, is 
in the left shoulder of the figure, nearly twenty degrees 
from the star Cor Caroli in Canes Venatici. 

The little triangle of fourth magnitude stars near the 
end.of the handle of ‘‘the Піррег” marks the uplifted 
hand of the Bear-Driver, in which he holds in leash the 
Hunting Dogs. 

The tip of the staff or spear which the Herdsman holds 
in his right hand is marked by the fourth magnitude star 
Alkalurops, or м Boótis. It has two companion stars. 

Nearly five degrees south of и Boötis is ð Boötis, a 
third magnitude star. A field glass reveals that it has 
an eighth magnitude companion at a distance of less than 
two minutes of arc. 

The right ankle of the Herdsman is marked by the 3.8 
magnitude star ¢. 

Eta is a third magnitude star situated in the left knee 
of the Bear-Driver. It has a distant companion of lilac 
hue of about the tenth magnitude. 

There is an attractive group of stars to be viewed with 
a field or opera glass near the star 0. 
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For the Telescope 


The constellation Boótes offers many interesting double 
stars for the possessors of small telescopes. A partial list 
is given below, and their location is designated on 
the Chart. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
т 4.9-6.0 6 104.5 Both white. 
5 3.6-8.0 105 79 Yellow-Blue. 
m 4.5-6.7 108 I7I 
44 5.2-6.1 3 234 A binary. Period 261 
years. 
39 6- 3 45 Fine contrast of colors. 
t 5.0-7.5 38 33 Yellow-White. 
K 4.6-6.6 ІЗ 238 White-Blue. А beauti- 
ful object. 
= 1919 6-7 25 10 Yellow- White. 
X 1850 6.0-6.7 26 262 Yellow-Blue. 
X 1835 5.5-6.8 6 190 
é 4.7-6.6 3 200 Yellow-Purple. Fine 
contrast. 
€ 3.0-6.3 2.7 331 Orange-Green. A su- 


perb object. Test 
for 2 inch glass. 


е was called "pulcherrima" by the elder Struve on 
account of its extreme beauty. Yellow and bluish are 
colors attributed to its components. It is the перона 
of Ptolemy, but appears as Izar in various catalogues, 
from the Arabian word signifying “а zone ог girdle." 
It is also designated “Mirak,” meaning a girdle or loins. 
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VIRGO 
VIRGO (ver-go)—THE VIRGIN (Face West) 


Location.—A line drawn from Antares in the Scorpion, 
through alpha Libre, prolonged a little over twenty 
degrees, strikes the first magnitude star Spica (alpha 
Virginis), the brightest star in the constellation Virgo. 

Spica is about thirty degrees southwest of Arcturus in 
Boótes. The stars Arcturus, Cor Caroli, Denebola, and 
Spica form a figure about fifty degrees in length, called 
“the Diamond of Virgo.” 
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Mythology 


Below Boótes thou seest the Virgin 
An ear of corn held sparkling in her hand. 


ARATOS. 


The constellation Virgo is one of the most 
ancient of the stellar groups. 

According to an old myth, Virgo represents 
Astrea, the daughter of Jupiter and Themis, 
the goddess of Justice. During the Golden Age, 
when, it is said, the gods lived upon the earth, 
Astrea ruled the world, and was held in n 
respect by all mankind. 

Times changed, and in the succeeding eie 
and lron Ages, the wickedness of mankind 
offended the goddess, and she left the world to 
its fate. She took her place in the golden girdle 
of the Zodiac, with the Scales of Justice, repre- 
sented by the constellation Libra, beside her. 

In Egyptian mythology, Virgo was associated 
with the goddess Isis. It is related that, when 
pursued by the monster Typhon, she dropped the 
sheaf of corn which she held in her hand, and 
the scattered corn became the faint glistening 
stars that form the Milky Way. 

'The star Spica was known in ancient times as 
“the Star of Prosperity." The Egyptians wor- 
shipped this star, and built temples in its honor. 
The name Spica means an “еаг of wheat." In 
the old atlases the Virgin is always depicted as 
holding a sheaf of wheat in her left hand, marked 
by the star Spica. 
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For the Naked Eye and Field Glass 


The Equator, Ecliptic, and Equinoctial Colure, great 
circles оп the celestial sphere, intersect at a point close 
to the star y Virginis. This point-is called the “Autumnal 
Equinox." 

The star e Virginis bears the name ‘‘ Vindemiatrix,”’ 
which means “һе Grape Gatherer.” It rises just before 
the sun at vintage time. 

Within the rude square formed by the stars Denebola, 
in Leo, and e, y, and B Virginis, the telescope reveals 
many wonderful nebula. This region of the sky has been 
called "the Field of the Nebula." Herschel discovered 
323 nebula in the constellation. 

Spica is an extremely beautiful pure white star of the 
Orion type. It rises a little south of the exact eastern 
.point on the horizon at 9 P.M., March 9th, culminates 
March 26th, and sets August 12th, at 9 P.M. 

Hipparchus, while plotting the position of the stars, 
noted a discrepancy in the place assigned Spica by an 
earlier Greek astronomer. Investigation of this matter 
led him. to his famous discovery of the Precession of the 
Equinoxes. | 

Spica is 235 light years distant, with a proper motion 
of 11 miles a second. It is estimated to be 1500 times 
brighter than the sun, and at a surface temperature of 
19,000 degrees centigrade. 
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For the Telescope 


It is not possible to do more than glimpse the nebulae 
that feature this constellation, but the telescopist will 
find the following double stars interesting objects to 
observe. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
Y 3.7-3.7 6 326 Both yellow. А beau- 
tiful object. 

= 1669 6-6 5 124 A fine pair. 
n п А. 79 290 

= 1627 6-6.4 20 196 

У 1682 6.7-9 34 309 Yellow-Red. 
ө 4.5-9-10 7 344 A triple star. 

71 297 


y Virginis is a famous double star, resembling Castor, 
in Gemini. In 1756 the distance between the components 
was six seconds. In 1836 the two stars were so close to- 
gether that they could not be separated with the largest 
telescopes. Now the stars are again six seconds apart and 
the distance between them is widening. This star is best 
observed in the twilight or moonlight. Its period of 
revolution is 180 years, and almost.a complete revolution 
has been observed. 

The “--” locates the nebula 3278. Webb says it 
resembles a paper kite, and that it is beautifully grouped 
with three stars. There are two nebule in the field. 
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THE CONSTELLATIONS OF AUTUMN 


The folding map opposite shows the principle 
stars visible from Latitude 40° N. at: 


9:00 P.M. October rst 


9:30 Sept. 22 8:30 Oct. 8 
10:00 Sept. 14 8:00 Oct. 14 
10:30 Sept. 7 7:30 Oct. 22 


The Times are Eastern Standard. 

Chart held in this position depicts Southern 
sky. Quarter turns of the book from left to 
right give correct views successively of Eastern, 
Northern and Western sky. 
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CASSIOPEIA 


CASSIOPEIA (Кав-1-б-ре-уа)-ТНЕ LADY IN THE 
CHAIR (Face North) 


Location.—A line drawn from 6 Ursæ Majoris, through 
Polaris, locates alpha Cassiopeie. The constellation is 
situated the same distance from the Pole as Ursa Major, 
and lies about midway between Polaris and the zenith 
in the Milky Way. It is a rich and interesting constella- 
tion, and contains no less than one hundred bright stars. 

The constellation is characterized by a zigzag row of 
five second and third magnitude stars which form a 
rude and widespread figure resembling the letter “W,” 
but, in mid-Autumn, to an observer facing North, the 
“W” appears inverted and resembles the letter “М,” 
which is almost overhead. ; 

The star 8 Cassiopeiæ is equidistant from the Pole and 
exactly opposite the star Megres, ô Ursæ Majoris. With 
alpha Andromedæ, and y Pegasi, it marks the great 
celestial circle known as the equinoctial colure. These 
stars are known as ‘‘the Three Guides.” 


Mythology 


2. that starred Ethiop’s Queen that strove 
To set her beauty’s praise above 
The sea nymphs, and their power offended. 


MILTON. 


The constellation Cassiopeia dates as far back 
as 3500 B.c. The most famous of the legends 
concerning it is from the Greeks and relates that 
Cassiopeia was the beautiful wife of Cepheus, 
King of Ethiopia, and the mother of Andromeda. 

Cassiopeia appears to have been a vain and 
conceited personage, and lacking in tact, for she 
is said to have openly boasted that she was more 
beautiful than the sea nymphs. 
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The sea nymphs were naturally incensed at 
her attitude and informed the god Neptune, who 
ruled the sea, of what they regarded as an insult 
to them. Neptune approved of their case, and 
sent a sea monster to ravage the coast of Ethiopia, 
and to punish Cassiopeia for her temerity decreed 
that Andromeda, Cassiopeia’s beautiful daughter, 
should be chained to a rock by the seashore as a 
prey and tribute to the monster. The sequel of 
the story relating to Andromeda’s escape from 
her cruel fate is told in the legend concerning the 
constellation Andromeda. | 

Cassiopeia was later transported to the sky, 
and placed in a starry chair which circles the 
Pole, and subjects the Queen to the torment of 
standing on her head at times. As the poet 
Aratos puts it: 


She headforemost like a tumbler sits. 


Cassiopeia is sometimes called “Неахеп 
troubled Queen" and ‘‘ Unhappy Cassiopeia.” 

The Arabs fancied that they saw a Hand in 
the stars of the constellation, and also called the 
constellation ‘‘the Kneeling Camel.”’ 

The Egyptians called it ''the Leg," the 
Eskimos a ‘‘Stone Lamp,” and the Greeks a . 
“Key,” 
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For the Naked Eye and Field Glass 


Observe with an opera or field glass the region around 
the star y, also the beautiful double cluster of stars be- 
tween Cassiopeia and Perseus. 

The stars В, а and у Cassiopeiz outline three of the four 
corners of the back of the famous Chair, in which Cassio- 
peia is supposed to be seated. The stars 6 and е mark опе 
of the front legs of the chair. 

The word “‘bagdei,’’ made up of the Greek letter names 
of the principal stars in the constellation, is of assistance 
in memorizing them. 

The stars y and В are pointer stars to a fifth totes 
star, the lucida or brightest star in the inconspicuous 
asterism of Lacerta, the Lizard, which lies about fifteen 
degrees from 8. 

The constellation Cassiopeia has a utilitarian feature of 
interest. It makes ап excellent timepiece, and can be 
regarded as an illuminated clock. With a little practice 
it is possible to determine the time of night with approxi- 
mate exactness by observing the changes in the position 
of its stars with reference to the Pole. This information 
should be of interest and service to Boy Scouts. 

Professor Russell gives the following directions for 
deriving time from the observation of these stars: 

“The line through Polaris and В Cassiopeie points 
about exactly to the vernal equinox. It may, therefore, 
be used as an indicator to estimate the Sidereal Time, 
remembering that it is above the Pole at sidereal noon, 
to the left at 6h., below at 12h., and to the right at 18h. 
With a little practice it is possible to read sidereal time 
from this celestial hour hand within about fifteen minutes. 
Then by recalling that the sidereal clock agrees with the 
mean solar clock on March 22nd (or thereabout) and gains 
at the rate of two hours a month, one can pass to ordinary 
solar time.” 

According to a recent parallax derived by Professor 
Mitchell, the star alpha Cassiopeiz is 130 light years 
distant from us. It is a star of the solar type. 


(Continued on page 236.) 
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For the Naked Eye and Field Glass—Continued 


B Cassiopeie is a comparatively near neighbor of ours 
at a distance of 32 light years. It has a proper motion 
of ten miles a second. 

'The star y has a ninth magnitude companion at a dis- 
tance of 432". 

т was discovered by Herschel іп 1779. It is a binary 
with a period, according to Doberck, of 222.5 years. 
Duner gives 176 years. It is 17 light years distant. 7 
and the star 70 Ophiuchi are similar systems, both have 
about the same proper motions and parallax, and identical 
spectra of the solar type. 

The star м is 30 light years distant, and is notable for 
its large proper motion of 100 miles per second. 

Sweep with a field or opera glass about 7. 

Note the “+” marked 1572 on the Chart. This marks 
the place where a famous new star appeared. It was first 
seen November 11th, 1572, and is always associated with 
the name of the famous astronomer Tycho Brahe, who 
made a special study of it, and wrote a detailed descrip- 
tion, which has come down to us. Two faint telescopic 
stars still exist near the place he deduced for the Nova, 
but it is not certain that either is identical with it. The 
star was bright enough at maximum to be seen in full 
sunshine, and rivaled Venus in briliance. It is known 
as ''Tycho's Star." 


For the Telescope 


Referring to the telescopic objects in the constellation 
Cassiopeia, Webb says: “Неге lies a multitude of superb 
Galaxy fields." A mine of interest is here revealed for 
the happy possessor of a telescope. A partial list of the 
double stars is given below. There are many beautiful 
star clusters in the constellation, and to sweep over the 
region with a telescope or even a good field glass is to 
seuse rare beauty. 
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6 
e 
T 
Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 

a 2-9 62 280 Reddish-Blue. 

7 3.7-7.6 6 223 Yellow-Purple. 

c 5.5-7.5 3 324 Green- Blue. Color 
intense, grand field 
with low power. 

y 4.5-8.5 30 IOI 

t 4.8-7.1-8.1 7 ІІ2 Yellow-Blue-Blue. 

3" glass shows only 
two. 

Z2 163 6.2-8.2 35 34 Gold-Blue.  Remark- 
able colors. 

Z 3053 6-7.3 15 79 Yellow-Blue. 

E то 6-8.5 5 190 

OZZ 26 6-6.6 63 199 Orange-Green. 


y and к lie in very rich fields. Half way between them 
note a fine cluster somewhat in the shape of a letter “W.” 
Between т and o is a glorious field. 

The cluster 392 is a beautiful object, 15 minutes in 
diameter, and rich in stars. The cluster 5031 was dis- 
covered by Caroline Herschel in 1783. 

The cluster 256 contains a double star, magnitudes 
8.0 and 9.o. 

Note 4957, a fine cluster, discovered by Herschel in 1788. 
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CEPHEUS 
CEPHEUS (se'-füs)—THE KING (Face North) 


Location.—A line drawn from а to В Cassiopeia, and 
prolonged eighteen degrees, strikes a Cephei. The nearest 
bright star west of Polaris is y Cephei. 

Cepheus is an inconspicuous constellation lying partly 
in the Milky Way. The constellation is characterized by 
a rude square, one side of which is the base of an isosceles 
triangle. 

a Cephei forms an equilateral triangle with Polaris and 
е Cassiopeia. Owing to the Precession of the Equinoxes, 
y, B and a Cephei will be successively the Pole Star in 
the years 4500, 6000, and 7500 A.D., respectively. 
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Mythology 


Cepheus illumes 
The neighboring heavens; still faithful to his queen. 


It is claimed that this constellation was known 
to the Chaldeans twenty-three centuries before 
our era. 

The constellation was held in high esteem by 
the ancients, and we find the King’s story in 
the literature of Greece as far back as the fifth 
century B.C. 

Cepheus was the King of Ethiopia. He was 
the husband of the beautiful and unfortunate 
Cassiopeia, who is placed near him in the sky with 
her daughter Andromeda. 

The King is depicted in the old atlases of the 
heavens as seated on his throne in regal state, 
holding his scepter upraised in his left hand, and 
holding his robes with his right. 

It is said that Cepheus was one of the famous 
band known as ‘‘the Argonauts," who accom- 
panied Jason on his dangerous expedition in 
quest of the Golden Fleece. Because of the 
part he played in this famous expedition he was 
honored by a place high among the stars. 

The Chinese, whose study of the stars goes 
back to very ancient times, also regarded this 
star group as representing royalty. Here it was 
that they placed the “Іппег Throne of the Five 
Emperors.” 

The Arabs, however, pictured in this region 
of the sky a pastoral scene, including a shepherd 
and his dog guarding a flock of sheep. 
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For the Naked Eye and Field Glass 


Observe with the naked eye the so-called “Garnet 
Star," и Cephei, and compare its unusua! light with the 
white star a Cephei. 

Professor Russell tells us that spectroscopic observations 
of В Cephei, a double star, show that the principal star 
in the pair is a very close binary in exceedingly rapid 
revolution, completing its orbit in less than five hours, 
the most rapid orbital revolution so far known. 

Many small meteor showers radiate from this constella- 
tion during the middle and latter part of June. 

5 Cephei is a beautiful double star (use a field glass) 
and has been likened to the famous double, В Cygni. It is 
a noted Variable Star. At maximum of 3.7 magnitude, ai 
minimum 4.6 magnitude. Period 5 days, 8 hours, 47 min- 
utes, and 39 seconds. As it is about 2% times as bright 
at maximum as at minimum, the star can be observed 
with the naked eye, and is an interesting observation. 
The best explanation of the light changes of this star is 
Eddington’s: it pulsates. (See p. 20.) 

It is this star which gives the name to the class of 
variable stars known as Cepheids, by whose special char- 
acteristics we are able to measure the distances of the 
far-lying spiral nebule and star clusters. (See р. 54.) 

The star was discovered by Goodricke in 1784. 

Surrounding the stars ô, е, ( and А, which stars mark 
the head of the King, is a dark area in the Milky Way 
one of the so-called “Coal Sacks” in the sky. 

About four degrees from y, in the direction of к, is a 
pretty pair of sixth magnitude stars. 

In June, 1036, an amateur astronomer, Leslie Peltier, 
who a short time before had found his fifth comet, was 
the first to report a Nova which blazed out near e 
Cephei. This Nova, at the present writing, has apparently 
passed its top magnitude of 2.4, and is now fading. 
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For the Telescope 


Webb says of this constellation: ‘‘Much more barren 
to the naked eye than to the telescope. Splendid sweeps 
and curious groups between alpha Cephei and Galaxy.”’ 

The constellation contains a great number of double 
stars; a partial list is given below. For a more complete 
list see Webb’s ‘Celestial Objects for Common Tele- 
scopes," а classic. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
В 3.3-8 ҮЗ 250 White-Blue. 
8 уат. 3.6 to 4.5-7.5 4I 102 Yellow-Blue. Field 
glass double. 
é 4.4-6.5 6 285 Both bluish. 
к 4-8 " 124 White-Blue. 
Z 2816 6-8-8 12 120 Triple 
20 340 

Z 2893 5.5-7.5 28 348 Yellow- White. 

У 2840 6-7 20 194 Greenish white-Bluish 
white. А splendid 
pair. 

У 2873 6.2-7 I3 77. 

Z 2883 6.2-8.2 15 254.7 White-Blue. 


The double star 2 3053, in Cassiopeia, is located on the 
Chart, as it is conveniently located for observation while 
this region is being explored. Magnitude 6-7; Distance 
15”; Angle 70°. Yellow and blue. 
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PEGASUS (peg’-a-sus)-THE WINGED HORSE, AND 
EQUULEUS (Face South) 


LocaTron.—One corner of the Great Square of Pegasus, 
a stellar landmark in this constellation, is located by draw- 
ing an imaginary line from Polaris to the constellation 
Cassiopeia, and extending it an equal distance. 

Three of the four corners of the ‘‘Great Square" are 
marked by stars in Pegasus, the fourth, the northeastern 
corner, is marked by the star alpha Andromeda which 
bears the Arab name “ Alpheratz.” 

The horse is generally seen upside down in the sky, with 
his forefeet projected up into the heavens. Only the 
head, neck and forefeet of the animal are represented 
by stars. The star e Pegasi marks the nose of the animal. 


PEGASUS 
Mythology 


That poetic steed 
With beamy mane, whose hoof struck out from earth 


The fount of Hippocrene. 
BRYANT. 


In the old legends, Pegasus figured as the 
famous steed which sprang from the blood of the 
Medusa, after Perseus had decapitated her. 

According to Ovid, his abode was on Mt. 
Helicon. It is said that there, by striking his 
hoof sharply on the ground, he caused water to 
gush forth, which was ever after known as the 
“Fount of Нірросгепе.” 
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The horse Pegasus was tamed by either 
Neptune or Minerva, and seems to have been 
employed by Jupiter to carry the thunder and 
lightning. He became the property of Beller- 
ophon, and Pegasus is said to have borne him 
through the air to Lycia, the abode of the terrify- 
ing Chimera. Bellerophon succeeded in destroy- 
ing the creature, but the act did not please 
Jupiter, who sent a gad fly which stung Pegasus 
and he hurled his rider Bellerophon to the 
ground. Pegasus continued his flight to the 
heavens where he is to be seen even to this day. 

Pegasus was regarded in Phoenicia and Egypt, 
in ancient times, as the sky emblem of a ship. 
The Greeks knew the constellation as “їттос.” 

The winged horse is found on coins of Corinth 
500 to 430 В.С. 

The Great Square of Pegasus is a stellar land- 
mark easily defined with the naked eye, and 
important for everyone to know. It may be 
that the northern sky is obscured by clouds and 
other regions clear. A knowledge of even a few 
constellations will fix the points of the compass, 
often an important matter to determine. A 
knowledge of the Great Square of Pegasus once 
saved the lives of Donald MacMillan, the arctic 
explorer, and his companions when they were 
lost on the polar ice 


245 


PEGASUS 


For the Naked Eye and Field Glass 


The position of the small asterism Equus, or Equuleus, 
the Little Horse, is shown in the telescopic diagram. 

The location of the equinoctial colure, one of the great 
circles on the celestial, is defined by a line connecting the 
stars Polaris, alpha Andromede, and у Pegasi. 

В Pegasi is a giant star, 75 millions of miles in diameter. 
It is receding from us at a speed of five miles a second. It 
is also a Variable star. 

The stars alpha, beta and epsilon Pegasi аге 191, 325 
and 145 light years distant, respectively. 

The fourth magnitude star т has close to it another 
which some atlases mark тз, They are a pretty pair in a 
field glass. 
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For the Telescope 


The cluster 15 M was discovered by Maraldi in 1745. 

В Pegasi is a Variable Star, and a giant star, 75 million 
miles in diameter. Within the “Great Square," Argelander 
counted 30 naked-eye stars. Note Ж 2894 Lacertæ, 
М. 6-8, D. 15", А. 193°. Also 8 Lacerta, a fine quad- 
ruple star, М 6-6.5—10.2-8.5, 

ты and т? form a beautiful pair. North of them, two 
degrees, is the attractive double star X 2905, M. 8.5-8.5, 
DW ese scan 

e Pegasi exhibits a phenomenon noted by Herschel, viz.: 
the pendulum-like oscillation of a small star in the same 
vertical with a large one, when the telescope is swung 
from side to side; merely an optical illusion of course. 

k and » Pegasi have eleventh magnitude companions, 
at a distance of 162 seconds and 90 seconds respectively. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
є 2.5-8.5 138 323 Yellow-Violet. Fine 
contrast. 
I 4.5-8.5 36 3її 
3 6-7.5 39 349 Another fine pair on 
this field. 
У 2841 6.5-8 22 III 
Z 2848 7-7.5 10 54 


The following double stars in Equuleus will be found in 
this region: 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
€ 6-7 її 77 White-Blue. 
À 7-7 2.6 224 А fine pair. 
y 4.2-І1.0 2 274 
B 5-10.5 67 309 


5 has а very close fifth magnitude companion. It is 
supposed to have a period of only 5.7 years, the shortest, 
excepting two, yet discovered for a visual binary. 
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ANDROMEDA 


ANDROMEDA  (an-drom’-e-da)—THE CHAINED 
LADY (Face Southeast) 


LocATION.— The star alpha Andromede is situated at 
the northeastern corner of the Great Square of Pegasus, 
one of the stellar landmarks. The constellation is espe- 
cially favorable for observation during the early evening 
hours of September, rising in the eastern sky. 

Running east from alpha Andromeda, at almost equal 
distances, are four other stars, three of which are of the 
second magnitude. The star farthest east is alpha Persei. 
These five stars strung out along the eastern sky, like 
pendant lamps, present a charming appearance. 


Mythology 


And there revolves herself, image of woe, 
Andromeda beneath her mother shining. 


ARATOS. 


'The most famous legend relating to the con- 
stellation Andromeda is of Grecian origin. 
According to the story, Andromeda was the 
beautiful daughter of Cepheus, King of Ethopia. 
Her mother, Queen Cassiopeia, enraged the sea 
nymphs by boasting of her beauty. Neptune, 
in order to punish her for her vanity and conceit, 
decreed that her cherished daughter Andromeda 
should be chained to a rock by the seashore, 
where she would become the prey of a terrible 
sea monster that was ravaging the coast. 

'The unfortunate maiden was forced to submit 
to this barbarous treatment, and in chains 
awaited her sad fate as the monster drew nigh. 
Luckily, just as the monster was about to seize 
her, Perseus the Champion flew down to her 
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rescue bearing with him the hideous head of the 
Medusa. He held this up before the monster’s 
eyes and straightway the creature was turned 
into stone, and Perseus gallantly released 
Andromeda. The story is delightfully told by 
Charles Kingsley in his ‘‘Greek Heroes.” 


For the Naked Eye and Field Glass 


The chief object of interest in the constellation Androm- 
eda is the great nebula, the first to be discovered. It can 
be seen by the naked eye, and it is a fine sight even in an 
opera glass. In a large telescope it is a glorious object. 

The nebula has been called the ‘“‘ Queen of the Nebula," 
and is said to have been known as far back as A.D. 905. 
It was described in A.D. 986 as the “Little Cloud," and 
was one of the first conquests of Galileo. 

Toward the close of 1913 Dr. Slipher, of the Lowell 
Observatory, announced that he had secured a spectro- 
gram of the Andromeda Nebula which showed that it 
was approaching us at the rate of 187 miles a second. 

In 1885, a new star appeared close to the center of the 
nebula that was almost bright enough to be visible to 
the naked eye. Its calculated brightness at maximum 
was 400 million times that of the sun. Recent investiga- 
tions have shown that as many as 44 new stars have 
appeared within the nebula. Professor E. H. Hubble 
discovered some Cepheid Variable stars in the Nebula, 
and was enabled to calculate that their distance from us 
was approximately 800,000 light years. When we 
realize that one light year is the distance travelled by 
light in one year at the rate of 186,000 miles a second, we 
grasp in some measure the vastness of space. 

There is every reason to suppose that these stars dis- 
covered within the nebula are associated with it, and that 
the nebula itself is at the distance from us stated above. 

Authorities state that the diameter of this nebula is 
’ more than 3 thousand,-million times the distance from the 


(Continued on next page.) 
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For the Naked Eye and Field Glass—Continued 


earth to the sun.. It would take light 50,000 years to 
traverse this nebula. 

The outer part of the nebula, usually photographed as 
nebulosity, has been resolved into myriads of stars on 
photographs taken with the roo-inch reflector at Mount 
Wilson, 

Professor H. N. Russell considers it to be by far the 
brightest object that has been measured, and that it 
must be a billion times as bright as the sun. All the stars 
visible to the naked eye, if taken together, would not 
equal this great nebula in brightness. 

Observe the Nebula with naked eye, opera or field 
glass. It is one of the marvels of the heavens, and the only 
spiral nebula visible to the naked eye. 


The double star 56 can be separated with a field glass 
if it is held steadily. Some observers mount their binocu- 
lars on a tripod which enables them to view objects 
undiscernible when the glass is held in the unsteady hand. 

Alpha Andromede, known to the Arabs as ‘‘Alpheratz,”’ 
meaning ‘‘The head of the woman in chains," is shown 
by the spectroscope to have a dark companion star 
revolving about it in a highly eccentric orbit, in a period 
of about 100 days. The system, as a whole, is approach- 
ing at the rate of eight miles a second. 

The star y Andromedz marks the radiant point of the 
Bielid meteors associated with Biela’s comet, which dis- 
appeared in the first half of the r9th Century. These 
meteors should be looked for on November nights between 
the 17th and 27th of the month. The stream travels 
very slowly, and the meteors are characterized by their 
yellowish color and their short trains. 
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For the Telescope 


The following stars are of telescopic interest. ‘Their 
location is indicated on the Chart. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
y 2:355 10 63 Yellow or orange- 
Greenish blue. Beau- 
tiful contrast. 
2 479. 6-7 7, 102 A fine pair. 
т 4.5-9 36 174 White-Blue. 
56 6-5.8 181 301 Field glass double. 
59 6-7 16 34 Yellow- Blue. 
XO 7.5-8.5 5 84 
м 4-ІІ 36 122 A difficult test for a 3” 


glass. 


the + indicates the location of the great nebula. Use 
a field or opera glass to locate it. 

Gamma Andromeda is one of the most beautiful double 
stars in the heavens; the contrasting colors of the two 
stars is very fine. It was discovered by Mayer in 1788. 

Note the “Ү” shaped asterism known as “Gloria 
Frederika;" or ‘‘Frederik’s Glory," northeast of alpha 
Andromeda and above the nebula. 


(For text on Triangulum see second page following) 
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TRIANGULUM 


TRIANGULUM (tri-an’-gi-lum)—THE TRIANGLE 
(Face East) 


LocaTion.—A line drawn from the star у Pegasi to 
Algol in Perseus passes through 8 Trianguli. 

The Triangle, isosceles in form, lies on its side, a clearly 
defined and beautiful figure just below Andromeda, and 
above Aries. It was in this locality that Piazzi discovered 
the asteroid Ceres, January т, 1800, the first asteroid to 
be discovered. 

Alpha Trianguli is sometimes called ''Caput Trianguli.”’ 
It culminates at 9 P.M. December 6th. 

a and B Trianguli were in ancient times known as the 
"Scale Beam." According to Argelander the constella- 
tion contains fifteen stars. The Triangle is a very ancient 
constellation and was formerly named ''Deltolton" from 
its likeness to the Greek letter Delta. It has been likened 
to the Trinity, and the Mitre of St. Peter. 

Aratos thus refers to the constellation: 


Beneath Andromeda, three lines compose 
The Triangle. On two sides measured equal, 
The third side less. 


For the small telescope Triangulum offers a fine double 
star. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
t 5-6.4 3 78 Yellow-Blue. An ex- 


quisite pair. 


Both components of this double are spectroscopic 
binaries. 

The nebula 362, (M 33) discovered by Messier in 1764, 
is worth observing. It is 30 minutes in extent. According 
to Webb, it is very large, faint, and ill defined. A curious 
object only fit for low powers. 


(For Chart, see previous page) 
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PERSEUS 


PERSEUS (per-süs)—THE CHAMPION 
(Face Northeast) 


Location.—Alpha Persei lies on а line drawn from В 
to y Andromedz, and is about nine degrees from the 
latter. A striking feature which assists in identifying 
the constellation is the so-called "Segment of Perseus," 
a curved line of stars beginning about twelve degrees 
below Cassiopeia, and curving toward the constellation 
Auriga. 

This figure is composed of three stars. The star in 
the center is the second magnitude star, alpha Persei. 
It is flanked on either side by the two third magnitude 
stars 'y and 6 Persei. 

The best way to locate the constellation, if you know 
the constellation Andromeda, is to look for the right- 
angled triangle formed by у Andromede, В Persei (Algol) 
and alpha Persei. Algol marks the right angle. 


Mythology 


Perseus next 
Brandishes high in heaven his sword of flame. 


According to the ancient legend, Perseus was 
the son of Jupiter and Dana. His cruel grand- 
father, Acrisius, placed the infant Perseus and 
his mother in a chest which he cast into the sea, 
hoping to destroy them. They were rescued by 
some fishermen and carried to Polydectes, King 
of Seriphus. Perseus was adopted by the King, 
and as he grew up became a great favorite. In 
order to prove his gratitude to his benefactor 
Polydectes, he determined to obtain the head of 
the Medusa to present to the King. Medusa 
was a terrifying creature who turned to stone 
all who gazed on her. 
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Mythology—Continued 


The gods presented Perseus with the following 
useful gifts to aid him in his conquest of Medusa. 
Pluto gave him a helmet which rendered the 
bearer invisible, Minerva a shield that shone 
like a mirror, and Mercury bestowed on him 
winged sandals that enabled the wearer to fly 
swiftly through the air. 

Perseus, thus equipped, sought out Medusa in 
а cave near Tartesus. Holding his shining shield 
so as to catch the reflection of the monster in it, 
he drew his sword, and with one powerful blow 
cut off her head. He flew back with it, and 
presented the trophy as a gift to King Poly- 
dectes, who was highly pleased with his exploit, 

This deed made Perseus immortal, and won 
for him a place among the stars where he is 
honored for all time. 
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For the Naked Eye and Field Glass 


Perseus is one of the few constellations that contains a 
naked eye object of great interest, the fluctuations in 
light of the short period Variable Star Algol, known to the 
Arabs as “‘the Demon Star.” Algol is usually of 2.3 mag- 
nitude, but regularly, at intervals of 2 days and 20 hours 
and 48 minutes its brightness decreases. In 4% hours it 
wanes to 3.5 magnitude. The star remains at minimum 
for 20 minutes, and the» waxes to its original brightness. 

The variations in the light of this star were first noted 
by Montanari in 1672. As early as 1782, Goodricke 
determined the star's period, and suggested that the 
fluctuations in its light. were caused by some dark (or less 
luminous) body revolving about the star, and partially 
eclipsing its light from us. We now know this to be a fact. 
Professor Stebbins, using a selenium photometer, has 
obtained a highly accurate record of the light variations 
of Algol. 

From the data obtained, Professor Russell has made the 
following deductions: The bright star is 1250 thousand 
miles in diameter. Its mass is three-eighths that of the 
sun. The fainter of the two stars is 1450 thousand miles 
in diameter. The centers of the two stars are just three 
million miles apart, and they revolve about one another 
in a nearly circular orbit in 68 hours, 49 minutes. The 
plane of the orbit is inclined about 734 degrees to the line 
joining Algol to the sun. 

The eclipse we witness is partial, rather more than 
one-fourth of the diameter of the brighter star being 
obscured. 

According to parallax determinations by Professors 
Adams and Joy, at Mt. Wilson, Algol is sixty light years 
distant. When on the meridian of New York City, Algol 
is only one-tenth of a degree from the zenith point. 


(Continued on page 260.) 
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For the Naked Eye and Field Glass—Continued 


The dates and time of minima are published in certain 
journals from time to time, and with the aid of this data 
anyone can observe, the wax and wane of the light of 
this star which can best be observed with the naked eye. 

It was in the neighborhood of Algol that a new star 
blazed out, February 22, 1901. It was discovered by 
Dr. Anderson of Edinburgh. Within a week it had 
attained a brightness equal to that of Capella, but by 
the end of the year it was no longer visible to the naked eye. 

A noted meteor shower, called ''the Perseids," radiates 
from this constellation. The meteors should be looked 
for August Irth and 12th. The radiant point is in the 
vicinity of y Persei. These meteors are sometimes called 
"the Tears of St. Lawrence." They dart with great 
swiftness across the sky, and are yellow in color. They 
are known to be traveling in the same orbit as that of 
Tuttle’s comet of 1862, and are probably associated with 
it. The average number of meteors in this shower visible 
per hour is sixty-nine. 

For the opera or field glass, the double cluster beyond 
the star » Persei, in the direction of Cassiopeia, is most 
noteworthy. 

The region surrounding a Persei is also most attrac- 
tive. Sweep it with a field glass. 

Alpha Persei never sets in the latitude of New York 
City (or, of course, in higher latitudes), where it just 
touches the horizon at its lower culmination. 
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For the Telescope 


“Here again we enter upon one of the most splendid 
portions of the Galaxy.” 


Double Distance, Angle, 


Star Magnitude Seconds Degrees Remarks 
7 4-8.5 28 300 White-Blue. 
€ 3-8.3 9 9 
$ 3-9 I3 207 Multiple star. 
57 5-6 114 198 Yellowish-Lilac. 
Z 552 6.3-6.4 9 114 Both white. 
2% 334 5.3-6.7 12 85 
> 369 6.5-8 3 28 Yellow-Blue. 
о 4.2-9.5 20 237 


Alpha lies directly in the Milky Way, and in a rich 
field. It is 44 light years distant, and approaching at 
the rate of seven miles a second. 

The famous double cluster, 512 and 521, is a wonderful 
object. It should be observed with low power. The 
writer considers this the finest cluster for a small telescope 
in the heavens. The field is simply sown with scintillating 
stars, and the contrasting colors are very beautiful. 

The several other clusters indicated on the chart are 
good objects for a 3” glass, particularly 584 (M34) which 
lies about half way between Algol and y Andromeda. 
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PISCES 
PISCES (pis’-éz)—-THE FISHES (Face Southeast) 


LocaTION.—Pisces is an inconspicuous zodiacal con- 
stellation. It is represented by two fishes, each with a 
ribbon tied to its tail, the ends of the ribbons being joined 
together in a knot. The Northern Fish lies just below 
B Andromede. The so-called Western Fish is marked by 
a lozenge-shaped group of faint stars, and is situated a 
little below Pegasus. 

The ribbons represented by streams of faint stars form 
a widespread “У,” and terminate in а knot marked by 
the fourth magnitude star alpha Piscium, known to the 
Arabs as “El Rischa." 
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Mythology 


The Fishes shine one higher than the other. 
ARATOS. 


According to the old Greek myth, the beautiful 
Venus and her son Cupid were one day walking 
on the banks of the River Euphrates. Suddenly 
they saw approaching the terrible giant Typhon. 
Venus and Cupid hastily threw themselves into 
the river to escape the monster, and assumed the 
forms of fishes. To commemorate the fortunate 
escape from danger, Minerva placed the Two 
Fishes in the sky. 

Astrologically, the constellation Pisces was 
considered an unlucky group of stars. In 
Egypt, in early times, the picture of a fish was 
considered odious. 

The Babylonians, Syrians, Persians, Turks, 
and Greeks all regarded this constellation as 
representing two fishes. 

The constellation is popularly thought to 
have taken its name from its coincidence with 
the sun during the rainy season, and the symbol 
for the sign X, to represent the two fishes joined. 

The Fishes were considered the national con- 
stellation of the Jews, as well as a tribal symbol. 
A fish was the symbol of the early Christian 
faith. 

It was in this constellation that Harding dis- 
covered the asteroid Juno, September 2, 1804. 
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For the Naked Eye and Field Glass 


The ‘‘Circlet’”’ representing the Western Fish, the posi- 
tion of which is indicated on the diagram, is an attrac- 
tive naked eye sight. A stream of eight fourth and fifth 
magnitude stars connects it with alpha Piscium. 

South of w Piscium a few degrees, at the point on the 
Diagram marked with a star “ Ж”, is the place which the 
sun occupies the first day of Spring. It is one of the two 
crossing places of the equinoctial colure, and the ecliptic, 
or sun's path. 

Three distinct conjunctions of the planets Jupiter and 
Saturn took place in this constellation in the year 747 
of Rome. In 1881 Jupiter, Saturn, and Venus were all 
grouped together in Pisces. 

This constellation should be observed on a clear moon- 
less night in order to trace out the faint stars it contains. 

Alpha Piscium culminates at 9 P.M., December 7th. 
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For the Telescope 


There are few bright stars in this region of the sky, 
but the constellation contains some interesting double 
stars. Data relating to a few of these are given below. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
a 4.3-5.2 2.5 320 Green-Blue. Difficult 
for 3 inch telescope. 
g 5.6-6.5 24 64 A fine object. 
y 5.6-5.8 30 160 No change noted in 
130 years. 
55 5-8.2 6 192 Yellow-Blue. A beauty. 
65 6-6 4 299 
77 6-7 33 82 White-Blue. 
35 6.2-7.8 II 150 White-Purple. 
51 5-9 2/7 82 
38 7-8 4.7 237 Yellow-White. 
42 6.8-ІІ 3І 344 Difficult for 3” glass. 


The fifth magnitude stars, p and 94 Piscium, form a 
splendid pair. The region about « Piscium is particularly 
beautiful. 

Е Piscium is a spectroscopic binary. 

The star v Piscium is frequently occulted by the Moon. 
The occultations of stars by the Moon afford interesting 
observations. The list of stars occulted, with the dates, 
are given in the Nautical Almanac, which students should 
possess. 

т Piscium is 58 light years distant. 
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AQUARIUS 


AQUARIUS (a-kwa’-ri-us)—-THE WATER CARRIER 
(Face Southwest) 


LocaTion.—A line drawn from В Pegasi to alpha 
Pegasi, and prolonged as far again, ends just east of the 
so-called water jar of Aquarius. The water jar is a char- 
acteristic figure formed by a group of fairly bright stars 
making a “Ү” shaped group, an equilateral triangle with 
a star in the center. The Arabs called these four stars a 
tent. 
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Mythology 


While by the Horse’s head the Water Pourer 
Spreads his right hand. 


The constellation Aquarius has been repre- 
sented from remote times by the figure of a man 
pouring out a stream of water from an inverted 
jar. The constellation is an emblem of the 
rainy season, and the Egyptians thought that 
the floods on the River Nile were caused by the 
Water Carrier when, at setting, he dipped his 
jar into the river to refill it. The constellation is 
best seen from August to November. 

The star alpha Aquarii bears the Arab name 
“Sadal Melik,” which means “(һе fortunate 
star of the King." В Aquarii was known to the 
Arabs as “‘Sadal Suud,” meaning ‘‘the luckiest 
of the lucky." The stars in this region appear 
to have been in great favor with the early 
astrologers in spite of the fact that they appeared 
at the inclement season of the year. 

Few myths and legends connected with the 
constellation have come down to us. Aquarius 
has been identified with Deucalion, son of 
Prometheus and Clymene, and, according to a 
Grecian legend, Aquarius represents Ganymede, 
the favorite of the all powerful Jupiter. One 
day, so the story goes, as Ganymede was guarding 
his father’s flocks on Mount Ida, he was suddenly 
transported to the sky where he became the cup 
bearer to the gods. 
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For the Naked Eye and Field Glass 


The four stars forming the Water Jar make an attractive 
naked eye object. 

Sweep with the opera or field glass below the Water 
Jar down the sky in the direction of Fomalhaut where you 
will observe many pairs and triples. The ancients thought 
that these stars represented water trickling down the sky. 

The water jar on the old charts is represented as in- 
verted, and from it water streams down the sky into 
the gaping mouth of the Southern Fish, Piscis Aus- 
tralis. This stream is represented by pairs and three star 
groups of faint stars well seen with an opera glass. The 
ancients called this region of the sky “the Sea," and in 
this vicinity we find many aquatic creatures such as the 
Sea Goat, the Fishes, and the Whale. 

A rude outline map of South America can be traced by 
connecting with lines the stars 0, ХА, т, д, 88, апа в See 
Chart. Some see a dipper in the western part of the 
constellation composed of the stars a, В, v, and е. 

The star (г is almost exactly on the celestial equator. 
^is a red star, the most prominent of the first stars in 
the stream. A well known meteor shower radiates from 
the constellation known as “ће у Aquarids" іп Мау. 
They move swiftly, making evanescent streaks in the sky, 
and are visible late in the evening from the first to the 
sixth of that month. 

One degree north of « Aquarii is the place where the 
planet Neptune was discovered by Galle September 23, 
1846, its position having been determined by Adams and 
Le Verrier. 
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For the Telescope 


For the possessors of small telescopes the constellation 
offers many interesting and beautiful objects. The Chart 
indicates their location. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
2 4-4 3 317 Both white. Webb 
gives greenish white 
and pale yellow. Pe- 
riod 750 years. 
12 5.6-7.7 3 100 
4І 6-8 5 TIS Yellow-Blue. 
T 6-9 30 II2 White-Garnet. 
y 4.5-8.5 49 312 Yellow- Blue. Fine 
contrast. 
69 6-9 28 IIS 
94 5-7 ІЗ 347 Contrasting colors. 
E 2809 6-8 31 163 
Z 2838 6-9 21 185 Note stream of smal! 
stars. 
59 6-6.5 7 308 


For the double star 107 Aquarii see Cetus. 

Note the Nebula 4678, M 2, a beautiful planetary nebula 
discovered by Maraldi in 1764, a fine sight in a three-inch 
telescope. Streams of stars branch out from it taking the 
direction of tangents. fir John Herschel compared it to 
a heap of fine sand, and considered it to be comprised of 
thousands of 15.0 magnitude stars. 

Just west of > Адиаги is another fine specimen of a 
planetary nebula, 4628, discovered by Herschel in 1782. 
Rosse calls it the “Saturn Nebula." It is moving toward 
the sun at the rate of 17 miles a second. Huggins disclosed 
the fact that it was a great mass of incandescent gas. 

Webb gives 1624 years for the period of revolution of 
the double star 2 
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PISCIS AUSTRALIS 


PISCIS AUSTRALIS—THE SOUTHERN FISH 
(Low in the Southwest) 


LocaTion.—The first magnitude star Fomalhaut (pro- 
nounced Fo'-mal-o) lies almost due south of the Water 
Jar of Aquarius. It is the most southerly of the bright 
stars visible from the northern states, and as it is the 
only bright star in this region of the sky, the constellation 
is easily identified. The remaining few stars in the 
asterism are faint and so close to the horizon that they 
are seldom seen in these latitudes. 

Fomalhaut is a 1.3 magnitude star of reddish hue, and 
distant from us 24 light years. It culminates at 9 P.M. 
on the 25th of October. In general type it resembles the 
star Sirius, and it rises almost simultaneously with Capella, 
the brilliant first magnitude star in the constellation 
Auriga. It has a 9.5 magnitude companion, blue in color, 
distant 72", at an angle of 195?, a rather difficult object 
in a small telescope. 

In 1896 Fomalhaut was discovered to have also a very 
faint companion 30" away ; visible only in a large telescope. 

Fomalhaut is one of the four ‘‘ Royal Stars” of astrology, 
the others being Regulus, Antares, and Aldebaran. It 
was the object of sunrise worship in the temple of Demeter 
at Eleusis in 500 B.c., and was regarded by the old astrol- 
ogers as portending eminence and power. It was known to 
the ancients as "the First Frog.” 

Because of its isolation in the sky from neighboring 
bright stars, Fomalhaut is also known as the ''Solitary 
One." Five thousand years ago the winter solstice was 
exactly above Fomalhaut, and then the star was known 
to the Persians as one of the four Guardians of Heaven. 

Fomalhaut is drifting across the sky at a rate which will 
change its position among the stars an amount equal to 
the apparent distance across the full moon in the course 
of about 6000 years, a very rapid motion for so bright 
and distant a star. 


(For Diagram see p. 273) 
276 


CAPRICORNUS 


CAPRICORNUS 


CAPRICORNUS (kap-ri-kér’-nus)—THE SEA GOAT 
(Face Southwest) 


LOCATION.—A line drawn from alpha Pegasi through 
the stars ¢ and @ of the same constellation, prolonged 
about 25 degrees, locates а and 8 Capricorni. 

Capricornus, excepting Cancer, is the most inconspic- 
uous of the zodiacal constellations. It contains two fairly 
bright pairs of stars that distinguish the constellation. 

Alpha and beta Capricorni, the western pair, are each 
double stars. The former is a naked eye double. 
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Mythology 


The Goat 
Dim in the midst, but four fair stars surround him 
One pair set close, the other wider parted. 
ARATOS. 


The constellation Capricornus has come down 
to us with its form unchanged through all the 
ages. On the old atlases, the Sea Goat appears 
with the head of a Goat and the tail of a Fish. 
The constellation is in the region of the sky 
known to the ancients as ‘‘the Sea." 

The sign of the Goat was called by the ancients 
“the Southern Gate of the бап.” 

The Goat which appeared on the Babylonian 
boundary stones, the most ancient of all our 
records, is identical with the figure we now 
identify as Capricornus. 

According to Macrobius, the Chaldeans named 
the constellation “ће Wild Goat." The reason 
the ancients used the figure of a goat to represent 
this constellation appears to have been because 
the sun, when it reaches the stars in this con- 
stellation, appears to mount the sky. The goat 
is always associated with climbing proclivities, 
and hence it was an appropriate symbol in this 
case. It is an interesting fact that our Tropic of 
Capricorn on the earth was so named when the 
southernmost point of the sun's path was in this 
constellation. 

'The fish tail attached to the goat was signif- 
icant of the rains and floods of the winter season. 

In Grecian mythology Capricornus was con- 
sidered to be ‘“ е Gate of the Gods," and through 
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its stars the souls of men released at death were 
supposed to pass to the land of the hereafter. 

“Тһе ҮоКе” was another title borne by the 
constellation, a name suggested by the configura- 
tion of the three stars о, 6, and 8. 

The Romans believed that Capricornus was 
under the special protection of Vesta, and 
regarded the constellation with great veneration 
as having shed its influence on the birth of 
Augustus. 

Burritt states that Capricornus is identified 
with the god Pan, or Bacchus, who with some 
other deities were one day feasting near the bank 
of the River Nile. Suddenly the dreadful giant 
Typhon came upon them. The assemblage 
immediately took flight, assuming different 
shapes in their efforts to escape. Pan took the 
lead and plunged into the river, and the part of 
his body which was submerged assumed the form 
of a fish, the part that was above the water took 
the form of a goat. To preserve the memory of 
the event, Jupiter made Pan into a constellation, 
in his metamorphosed shape. 

The Greeks sometimes called this constellation 
"Pan." From this we get our word '' panic." 

Capricornus is connected in Egyptian astron- 
omy with ''the god of Waters," and is associated 
with the inundation of the Nile. 
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For the Naked Eye and Telescope 


The star alpha Capricorni has a naked eye companion. 

Beta Capricorni is a double star that can be observed 
with a field glass. 

The stars of the constellation, connected with lines as 


in the Chart, form a figure resembling an inverted cocked 
hat. 
The two stars in the head of the Sea Goat, alpha and 


beta Capricorni, are only two degrees apart. They are a 
conspicuous pair, and should attract the attention of an 
observer facing the southwestern sky during the early 
evening hours in Autumn. 

The Chart indicates the position of the eastern pair of 
stars, which mark the tail of the Sea Goat. Twenty min- 
utes east and three degrees north of д Capricorni is the 
point in Aquarius calculated by Adams and Le Verrier 
for the position of the planet Neptune, and close to its 
observed position when it was discovered by Galle the 
night of September 23, 1846. The account of this notable 
discovery, the greatest achievement in pure mathematics 
on record, is to be found in the matter relating to the 
planet Neptune. 

According to Flammarion, Chinese astronomers ob- 
served five planets in conjunction in the constellation 
Capricornus in the year 2449 В.С. 
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For the Telescope 


There are several fine double stars in Capricornus that 
will prove of interest to the telescopist. The data con- 
cerning them follows, and the Chart indicates their 
location. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
а 3-9.5 376 291 Naked eye double. 
4-9 Telescopic double 

double. Both yellow. 

B 3.3-6.2 205 267 Orange-Blue. Field 
glass double. 

о 6.1-6.6 22 240 White-Bluish. A pretty 
pair. 

с 5.0-8.3 55 177 Orange-Blue. 

т 5.1-8.8 5 146 Yellow-Bluish. 

p 5.7-7.І 3 174 Yellow-Purple. Fine 
contrast. 


Note the star cluster M 30. It lies closely preceding and 
a little north of the star 41 Capricorni. Webb describes 
it as ‘‘moderately bright, beautifully contrasted with an 
eighth magnitude star beside it." Use a power of about 
70. The cluster can be resolved into stars with a five- 
inch refractor. According to Rosse, it is of a spiral form. 

The stars 7, p, and o form a pretty triangle of fifth 
magnitude double stars. 

A meteor shower known as the ‘‘alpha Capricornids”’ 
should be looked for from July 25th to August 4th, These 
meteors are generally bright, and move slowly leaving a 
long trail. 
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ARIES 
ARIES (a’-ri-ez) THE RAM (Face Southeast) 
First from the east, the Ram conducts the year. 


Location.—The star а Arietis known to the Arabs as 
Hamal, and also bearing the title Arietis, is the most con- 
spicuous star in the constellation. It is a star of 2.7 mag- 
nitude, and is situated about seven degrees south of alpha 
Trianguli. A line drawn from Polaris to у Andromedz 
and prolonged about twenty degrees ends close to alpha 
Arietis. 

The constellation Aries contains only three conspicuous 
Stars. These form an obtuse-angled triangle. 


Mythology 


Aries was known to the Arabs as ‘‘Al Hamal," 
the Sheep. It has also been called the '' Prince 
of the Zodiac," ‘‘ Prince of the Celestial Signs," 
and the '*' Leader of the Host of the Zodiac." 

According to an ancient legend, this is the 
Ram into which Zeus, the most powerful of the 
gods of former times, changed himself, to escape 
the pursuit of the giants. 

The most famous legend relating to this 
constellation links it with the heroic quest of 
the Argonauts in their search for the golden 
fleece. The story in brief is as follows: 

Phrixus and Helle were the children of 
Athamas, King of Thessaly. Their stepmother 
treated them cruelly. Mercury took pity on 
them and sent a Ram with golden fleece to enable 
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them to escape from their wicked mother. They 
mounted on the Ram’s fleecy back and were 
borne through the air over land and sea. Helle, 
unfortunately, fell from the Ram’s back while 
they were crossing the strait dividing Europe 
from Asia. In memory of this sad event this 
strait was ever afterwards known as the '' Helles- 
pont," now, perhaps, better known as the 
“ Dardanelles.” 

The poet Manilius has recorded this episode 
in the following lines: 


First golden Aries shines, who whilst he swam 
Lost part of’s freight and gave to sea a name. 


Phrixus landed safely at Colchis, at the eastern 
end of the Black Sea. In gratitude for his safe 
deliverance he sacrificed the Ram and gave its 
golden fleece to Aetes, the King of the Country, 
who hung it in the sacred grove of Ares, where 
it was guarded by a dragon that never slept. 

Later on, the Argonauts, an assembly of 
heroes, organized an expedition to recover the 
golden fleece, and the intrepid Jason, one of their 
number, succeeded in obtaining it. 

Jupiter placed the faithful Ram among the 
stars, where now it is a link in the golden girdle 
of the zodiac encircling the sky. 


For the Naked Eye and Field Glass 


Alpha Arietis is of the solar type, and has a proper 
motion of eight miles a second. It is approaching us at 
the rate of nine miles a second, and is forty light years 
distant from us. It lies near the moon’s path, and is one 
of the stars from which longitude is reckoned. 

The star у Arietis, known to the Arabs as Mesarthim, 
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was one of the first double stars discovered. It was acci- 
dentally discovered by Robert Hooke in 1664 when he 
was following a comet. 

Aries is the constellation of Spring, or was, 2000 years 
ago. It now rises two hours later, and meets the sun a 
month later than formerly, owing to the precession of the 
equinoxes. The zodiacal sign Aries, which once coincided 
in position with the constellation, is now located in the 
constellation Pisces to the westward. 

The Arab star name Sheratan, beta Arietis, means 
“the Sign." 

The pair of stars, beta and gamma Arietis, are one in- 
stance out of many where conspicuous stars form pairs, 
the brighter of the two stars lying generally to the East. 


For the Telescope 


The telescopic objects of interest in the constellation 
are the following double stars, the chart indicating their 
location: 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
y 4.2-4.4 8 360 White-Pale gray. 
А 5-8 38 45 White-Blue. 
14 5-9-7 93 36 Triple 
| 106 278 White-Blue-Lilac. 
30 6.6-7.4 39 273 Yellow-Gray. Very fine. 
33 6-9 28 о Topaz-Sapphire. 
T 5-8-10.5 3 II7 Triple 
25 IIO 
I 6-7 2.6 170 
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CETUS 
CETUS (sé'-tus)——THE WHALE (Face Southeast) 


LocATION.—A line drawn from Polaris to ô Cassiopeiz, 
prolonged two and one-third times its length, reaches the 
center of the constellation. Cetus lies just below Aries 
and the Triangle. A clearly defined pentagon of fairly 
bright stars about twenty degrees southeast of Aries 
marks the head of the beast. 

The brightest star in the constellation is alpha, of the 
second magnitude. It is about fifteen degrees east of the 
star Al Rischa, alpha Piscium. 
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Mythology 


With gills pulmonic breathes the enormous whale. 
DARWIN. 


Cetus is the largest of the constellations, and 
an extremely ancient one. The best known 
legend that has come down to us relating to it is 
from the Greeks and connects it with the story 
of Perseus and Andromeda. It will be found 
under the mythological references in the chapter 
on Andromeda. 

In the 17th Century, Cetus was considered to 
be a symbol of Jonah’s Whale, and also Job’s 
leviathan. 

A popular name for the constellation is ‘ће 
Easy Chair," as the arrangement of its stars 
suggests to the imaginative a reclining chair. 

Brown tells us that Cetus signified ‘‘the chaos 
of the deep” to the Babylonians. Aratos called 
it "the Dusky Monster." 

It has been suggested that it may represent 
the ferocious Tiamat of the early Chaldean 
myths. 
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For the Naked Eye and Field Glass 


The chief object of interest in the constellation Cetus 
is the long period Variable Star omicron Ceti, known as 
Mira, ‘‘the Wonderful Star.” Mira was discovered by 
Fabricius August 13, 1596, and has been closely observed 
since that date. It varies in brightness from a ninth 
magnitude star at minimum, to a third or fourth magni- 
tude star at maximum. In 1779 Herschel observed it 
nearly as bright as Aldebaran, the first. magnitude star 
in Taurus. Four years later it was invisible even in his 
telescope. Its period is 334 days, that is, the elapsed time 
between successive maxima or minima. Its period and 
range are highly irregular, and the causes of these irregular- 
ities are unknown and present a baffling problem. 

According to a parallax determination by Professor 
Mitchell, one of our greatest authorities on the subject, 
Mira is 220 light years distant. 

Mira remains at maximum about ten days, then its 
light slowly wanes for eight months, after which it rises 
to maximum, sometimes very rapidly. At minimum Mira 
is only one one-thousandth of its maximum brightness. 
The star is distinctly red in color, as are most of the long 
period Variables, and it is a Giant Star. 

The measurements of the star recently made at the 
Mount Wilson Observatory reveal the fact that Mira has 
a diameter of 250,000,000 miles, somewhat greater than the 
diameter of Betelgeuze in Orion. Antares, in the Scorpion, 
alone surpasses Mira in size of all the stars that have 
as yet been measured. 

Maxima of Mira will occur again at approximately the 
following dates, according to calculations: Dec. 11, 1936; 
Nov. 9, 1937; Oct. 8, 1938; Sept. 6, 1939; Aug. 5, 1940; 
July 4, 1941; June 2, 1042; April 30, 1943. For 
several months before and after maximum, Mira can 
be observed with the naked eye or a field glass. Any 
person desiring to contribute data of value to Science 
should observe this star, and make estimates of its bright- 


(Continued on page 201.) 
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For the Naked Eye and Field Glass—Continued 


ness from night to night. Charts for the purpose can be 
obtained of the Chart Committee of the A.A.V.S.O., 
Harvard College Observatory, Cambridge, Mass. The 
writers will be glad to furnish full information. 

Spectroscopically Mira is also remarkable. Its spectrum 
is crossed by heavy bands due to the presence of the vapor 
of titanium oxide. Hydrogen shines very brightly near 
the maximum, while at minimum many of the character- 
istic low-temperature lines of the metals are bright. 

Professors Pettit and Nicholson have measured the 
heat which is received from Mira, and find that, although 
the light may diminish a hundredfold at minimum, the 
heat falls off only to about one-third. 

Even at maximum, Mira gives but about one-tenth as 
much light in proportion to its heat as does a white star 
like Vega, while at minimum the ratio of light to heat 
may fall as low as one to five hundred. 

From a study of the star, Professor Russell concludes 
that its surface brightness even at maximum is very low. 
At minimum the computed temperature is 1600°, hardly 
enough to melt steel. It has been calculated that the 
heat radiation of Mira is about one thousand times that 
of the зип. Its bulk is twenty-seven million times the sun's. 

It is apparent that Mira, to quote Professor Russell, 
is in an extremely early stage, one of the youngest stars 
we know of, not in years but in its state of development. 

Radial velocity measures show that Mira is approaching 
us when faintest, and receding when brightest, as if it 
were moving in an orbit. According to Professor Joy’s 
calculations, this orbit would be 35 million miles in diam- 
eter. Perhaps the most remarkable fact concerning this 
wonderful star is that it is hottest, not when it is rising 
in brilliancy, but when it is fading, a fact that presents 
an interesting problem in astrophysics. 

October 19, 1923, Professor Aitkin of the Lick Observa- 
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For the Naked Eye and Field Glass—Continued 


tory, discovered that Mira had a companion of а bluish 
color, distant r".or, in position angle 122.29. . This ob- 
servation confirmed Professor Joy’s mathematical deduc- 
tion that the star was a double. A similar example of 
theoretical deductions, that were confirmed by later 
observation, occurred in the case of the discovery of the 
companion of Sirius. (See p. 322.) 

It seems only fitting that the facts relating to this 
famous star should be given in some detail, as Mira is 
one of the most remarkable stars in the heavens, and of 
the greatest interest to astronomers. ‘‘Three hundred 
years have only added to the mysteries associated with 
its behavior." 

T Ceti is one of our nearest neighbors, at a distance of 
10.3 light years. 

According to recent measures for parallax by Professor 
Mitchell, alpha Ceti is 148 light years distant, and y Ceti 
77.5 light years from our system. 

Webb says: “Тһе star alpha is now fainter than beta 
Ceti. One or both may have changed." 
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For the Telescope 


The constellation Cetus contains many double stars of 
interest to the possessors of small telescopes. 


Double Distance, Angle, 4 
Star Magnitude Seconds Degrees Remarks 
с 3-5-9 185 AI Optical double. 
y 3.7-6.2 2.5 290 Yellow-Blue. Finest 
double in this region. 
26 6-9 16 252 Topaz-Lilac. 
37 5-7 50 331 
66 5-7-7.8 16 230 Yellow-Blue. 
D 39 6.8-8.5 20 45* Yellow-Bluish. 
16 6-8.5 65 289 
571150 7-8 36 195 A fine double. 
2 27A 7-7.5 13 218 
84 6-9 5 334 
жү 6 7-7 81 162 
107 5.5-7 6 138 In Aquarius. Colors 
fine. 


x has a seventh magnitude companion. 

The Nebula 138 was discovered by Caroline Herschel 
іп 1783. It is described as being long, narrow and bright. 

Alpha Ceti, a second magnitude star, yellow in color, 
has a blue companion of 5.5 magnitude in the same field. 
Use a low power. It is not a true double. 

n Ceti is another wide double, 3.5-9.5. Distance 225”, 
Angle 305°. 

Of course observe Mira and follow it through its changes. 

About one degree southeast of д Ceti, and not far from 
the small double 84, is the faint spiral nebula M 77, 
unfortunately omitted from the chart. The shift of the 
lines in the spectrum of this nebula indicate a speed in 
recession from us at the amazing velocity of nearly 690 
miles per second. However, as all of the distant spirals 
show apparently terrific velocities, increasing in proportion 
to their distances from us (up to speeds of 2,400 miles per 
second) and all іп recession, there seems reason to suspect 
that the shift of their spectrum lines is from some other 
cause—possibly ‘‘curvature of space," a tenet of the 
Relativity Theory. 
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THE CONSTELLATIONS OF WINTER 


The folded map opposite shows the principle 
stars visible from Latitude 40° N. at: 
9:00 P.M. January ist 


9:30 Dec. 22 ӛ220:2ав», 4 
10:00 Dec. 14 8:00 Jan. 14 
Tooo Dec. 7 7 209]dn:22 


The Times are Eastern Standard. 

Chart held in this position depicts Southern 
sky. Quarter turns of the book from left to 
right give correct views successively of Eastern, 
Northern and Western sky. 
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TAURUS 
TAURUS (tau'-rus)— THE BULL (Face Southwest) 


LocATION.—The constellation Taurus contains the well 
known and unmistakable star cluster known as ‘‘the 
Pleiades," situated in the right shoulder of the Bull. 

А “У” shaped group of stars, “е Hyades,” is just to 
the southeast of the Pleiades in the face of the Bull, a 
beautiful coarse cluster, in the midst of which gleams the 
ruddy first magnitude star Aldebaran which marks the 
Bull’s eye. 

Aldebaran is at the apex of a large triangle formed by 
Capella in Auriga, and alpha Persei, and equally distant 
from them both. 

The star В Tauri, callediby the Arabs “Nath,” is com- 
mon to the constellations Taurus and Auriga. It marks 
the tip of one of the Bull's horns. 
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Mythology 


І mark stern Taurus, through the twilight grey. 
TAYLOR. 


The constellation Taurus is beyond question 
one of the oldest of the ancient star groups. 
Over 4000 years ago the Bull marked the Vernal 
Equinox, the position in the sky occupied by 
the sun the first day of Spring. This yearly 
occurrence was the cause of great festivals and 
celebrations throughout the ancient world. 

Centuries before the time of Christ, the Bull 
was worshipped in Persia and Babylon. The 
Egyptians considered Taurus an emblem of 
immortality. 

The familiar Greek legend relating to Taurus 
is as follows: Europa, the beautiful daughter of 
the King of Phoenicia, was beloved by Jupiter. 
In order to be near her he assumed the shape of 
a snow-white Bull, and as Europa was gathering 
flowers in a field, he approached her. 

Europa, attracted by the beautiful animal, 
stroked his snowy coat, and finally seated herself 
on his back. The bull immediately dashed away 
with her, and bore the terrified maiden safely to 
Crete, where Jupiter revealed himself and won 
Europa for his bride. 

There is a beautiful painting by the noted 
artist, Paul Veronese, hung in the Ducal Palace 
in Venice, depicting Europa seated on the bull. 
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THE PLEIADES 
Mythology 


The group of sister stars, which mothers love 
To show their wondering babes, the gentle seven. 


BRYANT. 


Volumes have been written about this famous 
cluster. The Pleiades are mentioned in the 
Bible in the lines: ‘‘Canst thou bind the sweet 
influences of the Pleiades.” 

We find the Pleiades mentioned in China over 
2000 years before Christ. 

The Egyptians, Aztecs, Japanese, and Hindus 
all worshipped these stars, and they were 
universally regarded with wonder and admira- 
tion. 

The festivals of All Hallows Eve, All Saints’ 
Day, and the memorial services to the dead held 
in many lands in the Fall of the year, are all 
associated with the Pleiades. 'The culmination 
of these stars at midnight was the occasion of 
services of great solemnity among the ancient 
Peruvians. ` It is thought that these universal 
memorial services commemorate a great cata- 
clysm that occurred in ancient times, causing a 
great loss of life. 

In mythology, the Pleiades were the seven 
daughters of Atlas and Pleione. It is said that 
they were placed in the sky because of their many 
fine qualities, but another story relates that they 
were so honored because of their grief at the task 
imposed on their father Atlas, of holding up the 
world on his shoulders. 
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The attractive names of the sisters are as 
follows: Alcyone, Merope, Celeno, Taygeta, 
Sterope, Electra, and Maia. The Pleiades have 
been regarded as representing Doves, Jupiter 
being thought to have changed them into this 
form to enable them to escape the attentions of 
Orion. 


The coarse cluster of stars in Taurus called the Pleiades 
has attracted universal attention since remote times. 
Astronomers have of late years discovered many facts 
of interest relating to the cluster. 

The distance of the Pleiades from us is estimated to 
be about 350 light years. The diameter of the cluster is 
calculated to be about 35 light years. 

The remarkable fact has been discovered that the whole 
cluster is enveloped in nebulosity of vast extent, which 
appears to shine by reflected light. What we see is appar- 
ently an opaque cloud, faintly illuminated by the light 
of the suns in this neighborhood. The extent of this vast 
cosmic cloud enveloping the Pleiades may be gathered 
from the plate facing page 42. 

Six stars in the Pleiades can be seen with the naked eye. 
More than one hundred can be seen with a small telescope. 
On a photographic plate of the region two thousand stars 
have been counted. 

There is an almost universal legend that, originally, 
there were seven naked eye stars in the group, and that 
one has been lost. This myth of the "Lost Pleiad” has 
given rise to an immense amount of folk lore to account 
for the missing star. The student will find a wealth of 
material on the subject in the works on stellar folk lore. 
The peculiar character of the spectrum of Pleione, one 
of the Pleiades, has led Professor Pickering to the belief 
that it formerly shone with a temporary brilliancy, and 
that this star is the lost Pleiad. 
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The astronomer Maedler considered that Alcyone, the 
brightest star in the cluster, was the central sun of the 
universe. This opinion is not supported by orthodox 
astronomers to-day. 

It has been discovered that the stars in the Pleiades are 
moving together in the sky like a flock of birds. They are 
converging toward a definite location in the heavens, which 
is about five degrees east of Betelgeuze in Orion. Professor 
Trumpler has discovered that a number of faint stars 
near the Pleiades partake of the same rate of speed and 
direction of flight as the Pleiades, showing that they are a 
part of the cluster. 


THE HYADES 
Mythology 


Who hears not of the Hyades, sprinkling his forehead o’er? 
ARATOS. 


This beautiful star cluster has from ancient 
times been associated with the rainy season, 
perhaps because of the fact that these stars rise 
in the Fall of the year, the season of inclement 
weather. They are often referred to as ''the 
rainy Hyades." The Arabs knew this group as 
“the Little She Camels.” 

The Hyades were supposed to be the five 
daughters of Atlas, King of Mauretania, and 
half-sisters of the Pleiades. They were changed 
into stars on account of their grief for the death 
of their brother Hyas, who was killed by a wild 
boar. The fact that they shed such copious 
tears may be the reason for the watery reputation 
which they have always borne. 

According to another story, the Hyades were 
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the nurses of the infant Bacchus, and on their 
death they were rewarded for their faithful 
service by being placed in the starry skies. 


The Hyades cluster has received much attention from 
astronomers in the last few years. The stars comprising 
the group are red or yellow in color, and giants in size. 

It has been estimated that the cluster is 140 light 
years distant. Its stars are receding from our system, and 
three of the brightest stars in the group move at the rate 
of twenty-five miles a second. These stars are estimated 
to be fifty to one hundred times brighter than the sun. 


THE HYADES 
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Direction of Proper Motion of the Stars in the Hyades 
Cluster 


According to Professor Boss, about forty stars in the 
cluster partake of a common proper motion, and are 
moving toward the same goal as the stars in the Pleiades 
mentioned above. 

It is to be noted that Aldebaran’s motion is independent 
of the other stars in the Hyades, and that it is moving in 
a different direction from them. 
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For the Naked Eye and Field Glass 


Many consider the cluster of the Pleiades the most 
attractive of all the star groups. In an opera or field glass 
they present a charming appearance. In the Hyades an 
opera glass reveals many attractive pairs of stars. 

See previous pages of this chapter for description of 
these Clusters. 

The Ecliptic (the path of the planets) passes a little 
south of a point midway between the Bull’s horns. 

The feature star of the constellation is Aldebaran. It 
bears an Arab star name signifying ‘‘the Follower,’’ so 
called as the star rises after the Pleiades. 

The mean of seven authoritative parallax determina- 
‚ tions indicates that Aldebaran is 57 light years distant 
from us. 

The diameter of Aldebaran, as computed by Professors 
Michelson and Pease, is thirty million miles. It is esti- 
mated to be ninety times brighter than the sun. 

Aldebaran is receding from us at the rate of 34 miles 
a second, but as mentioned before, its proper motion is in 
a direction different from the other stars in the Hyades 
cluster. 

0* and 6? are a naked eye pair. Attractive objects in 
field or opera glass. Magnitudes 3.6 and 4. 

o has a naked eye companion. 


304 


3 


TAURUS 


5 X 
A З 


Тһе % 


; ео 
4 Pleiades e Жете 


—_ 


——__ Eeltpito 
— 
p 
=a 
— 
А 
4 — 
— 


The [> 
4 Нуа4ев 


Aldebaran 
(Red) 


2 
о 
O Bellatrix 


Orion 


305 


TAURUS 


For the Telescope 


Taurus is one of the most interesting of all the con- 
stellations. It contains a large number of beautiful double : 
stars, a few of which are cited below. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
Z 430 6-9-9.5 26 55 А Тгіріе. 
39 302 
30 4.5-9.6 9 58 Emerald-Purple. 
ф 5.1-8 50 250 Red-Blue. 
Z 674 6-9 10 147 
= 716 6-7 5 200 A beautiful pair. 
т 4.3-7 63 213 White-Blue. 
Z 548 6-8 14 35 
Z 495 6-8.8 3 216 
X 5.7-7.8 19 25 
> TTT 5.7-8.2 75 271 
УХ 730 6.5-7 10 142 
62 6-8 28 280 А fine field. 
88 4-7.5 69 299 
02 58 5-7-9 39 304 Ттіріе іп Огіоп. 
54 88 A beauty. 


Aldebaran has a tenth magnitude companion: D. 114”, 
A. 35°. 

Alcyone, the brightest star in the Pleiades, is a quadruple 
star and a very beautiful object. 

The “+” shows the location of the famous “Стар 
Nebula," the first nebula discovered by Messier. It takes 
a powerful glass to bring out any detail. 

Note the field about the star ¢ Tauri. 
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ORION 
ORION (6-ri’-on)—THE GIANT HUNTER (Face South) 


LocaTrion.—Orion is considered the finest constellation 
in the heavens. There is little difficulty in identifying it. 
A line drawn from В Tauri to.¢ Tauri (the stars marking 
the tips of the Bull’s horns), prolonged fifteen degrees, 
strikes the red first magnitude star Betelgeuze (a Orionis). 

Betelgeuze is at the northeast corner of a conspicuous 
parallelogram of stars formed by the stars a, у, В and х 
Orionis. 

Rigel, a star of the first magnitude, is diagonally oppo- 
site Betelgeuze in this figure. 

The Belt of the Hunter, marked by a row of three second 
magnitude stars in a line three degrees long, lies within the 
parallelogram. They present a striking appearance. 

About nine degrees west of Bellatrix (у Orionis) are 
eight faint stars in a curved line. These mark the lion's 
skin held in the Hunter's left hand. 

Below ^ Orionis are two stars forming with it a small 
triangle. 'This group marks the head of Orion. 

Orion rises in the early evening about December 1st 
and sets in the western sky the middle of April. 

'The mythological figure of this giant Orion is shown on 
the cover design. 
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Mythology 


Behold Orion rise, 
His arms extended measures half the skies. 


MANILIUS. 


Orion is described by Homer as ''the tallest 
and most beautiful of men." It is said that he 
claimed superiority over every creature on the 
earth. The Gods, to punish his conceit, sent a 
scorpion to attack him; the creature bit Orion 
in the foot and caused his death. At Diana's 
request, Orion was transported to the sky, but 
placed opposite the scorpion so that it could 
never harm Orion again. 

Another legend relates that Orion fell in love 
with Merope. He attempted to elope with her, 
but her father interfered and was so incensed at 
Orion that he caused his eyes to be put out. The 
blind giant wandered aimlessly about til he 
came to the forge of Vulcan. Vulcan took pity 
on him and had him taken to the top of a high 
mountain. Here Orion faced the rising sun and 
his sight was restored. 

Orion was held in dread by sailors, as the 
presence of the constellation in the sky presaged 
stormy weather. 

There is a vast amount of'folk lore and my- 
thology relating to this constellation. 
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For the Naked Eye and Field Glass 


Orion is the most brilliant of the constellations and 
always delights the eyes of all beholders. 

The most remarkable object in Orion is the Great 
Nebula. Volumes have been written concerning it, but 
a brief account must suffice here. The nebula is located 
in the sword of Orion, marked by the star 0 Orionis. The 
nebula is a stupendous mass of gas in a state of violent 
agitation, a gigantic whirlpool. 

Even when viewed with an opera or field glass the star 
Theta Orionis appears to be enveloped in a haze which 
indicates the presence of the great nebula which is a 
glorious and wonderful sight in a large telescope. "Words 
fail utterly to describe its beauty. 

According to Kapteyn, the nebula is 600 light years 
distant. 'The bright part is about one parsec, or 3.26 light 
years, in diameter. Professor Russell tells us that the mass 
of the nebula is 10,000 times that of the sun. On the 
average it is receding from us at the rate of 17.5 kilometers 
a second. 

The first mention of the Orion Nebula is by a Swiss 
Jesuit, named Cysatus, іп 1618. He used it, without 
suspecting its character, as a term of comparison for the 
comet of that year. The nebula has been under effective 
observation for 250 years. 

This nebula, it should be noted, is quite differently con- 
stituted from the spiral nebulae, like the great опе іп 
Andromeda. The spirals are vast systems of suns, similar 
to our Galaxy, while the Orion nebula is a mass of lumi- 
nous gas. 


(Continued on page 311.) 
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For the Naked Eye and Field Glass—Continued 


The most interesting star in Orion is the ruddy Betel- 
geuze, known as ‘‘the Martial Star." It is the first star 
whose diameter was measured. This remarkable achieve- 
ment was brought about by the use of the interferometer, 
a marvelous instrument invented by Professor Michelson. 
The instrument was attached to the great 100-inch reflector 
at the Mt. Wilson Observatory December 13, 1920, and 
the diameter of the star Betelgeuze was measured by 
Professors Pease and Anderson. The diameter of the star 
was found to be 215 million miles. This result confirmed 
the deductions of Professors Russell and Eddington, 
made two years before, that Betelgeuze was a giant star. 
In volume, Betelgeuze is 27 million times as great as 
the sun, and its mass fifty times that of the sun. It is 
estimated that the star is 1600 times as bright as the sun. 
Betelgeuze is 240 light years distant. The star is a Vari- 
able, a fact discovered by Sir John Herschel in 1836. 

Rigel has the distinction of being the brightest star we 
know of, not to our eyes but in reality. It is estimated to 
be 14,000 times brighter than the sun. It is calculated 
that the diameter of Rigel is 35 times that of the sun, 
which is 866,000 miles. Rigel is 460 light years distant, 
and is receding from our system at the rate of 14 miles 
a second. 

One of the most extraordinary objects in the sky is 
located a little south of the star ¢ Orionis. It is a so-called 
“Dark Nebula,” a jet black cosmic cloud in the form 
of a sharp cut silhouette of a horse’s head. A remarkable 
photograph of this object was taken by Professor Duncan 
with the roo-inch Hooker telescope at Mt. Wilson. 

The Belt stars in Orion have attracted universal atten- 
tion since the dawn of history. They point up the sky 
to Aldebaran in Taurus, and down to Sirius in Canis 
Major. 


(Continued on page 312.) 
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For the Naked Eye and Field Glass—Continued 


Flammarion called this region ''the California of the 
Sky." No other constellation contains so many bright 
stars. { 

The celestial equator passes nearly through the star 
6 Orionis. 

The star 0 Orionis is a quadruple star, the four stars 
forming a trapezium which lies in the heart of the nebula. 
Observe it with a field or opera glass. 

Professor Shapley tells us that within three degrees of 0 
Orionis there are more than one hundred faint Variable 
Stars. These stars are dwarf stars, contrary to the type 
of most Variables, which are giants. It may be that 
these Orion Variables present a new type, and that their 
variations in brightness arise from the relative movement 
of stars and nebulosity. 

Spectroscopically, most of the brighter stars of Orion— 
Betelgeuze excepted—are of the same class (B type); in- 
deed stars of this spectral class are known as of the 
“Orion type." 

There is good reason to believe that, despite their great 
separation, these stars form a vast cluster. 

Note the contrasting colors of the stars а and В Orionis. 

A well known meteor shower occurs each year in this 
region, known as “the Orionids." Тһе meteors should 
be looked for the night of October 19th. A line drawn 
from Rigel’ to Betelgeuze, prolonged half its length, 
locates the radiant point of the shower. 
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For the Telescope 


Webb cites over seventy double stars in Orion. A partial 
list is given below. The constellation offers a wealth of 
interest and beauty for the telescopist. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
8 2.5-7 53 360 White-Blue. 
t 3-7 II 142 Fine field. 
А 3.7-5.6 4 43 Yellow-Red. Sweep 
here. 
Y 5.5-ІІ 2.8 322 Difficult for 3” glass. 
р 5-8.5 7 62 Yellow-Blue. 
© 2-4.2 2.8 158 Yellow-Blue. 
> 747 5.5-6.5 36 223 
> 816 6.2-8.7 4 289 
> 627 6.5-7 2I 260 A splendid pair. 
m 5-5.I 32 28 
o? 5-7-9 39 304 A triple. 
54 88 
> 795 6-6 1 200 Excellent test. 
2 750 6-8 4 59 
Z 855 6-7 29 II3 


Ў 725 has an eleventh magnitude companion. 

с is a beautiful multiple star, many colors contrasted. 
The magnitudes are 3.9, 5, 9.5, 6.8, 6.3. Three of the 
components are visible in a 3” glass. 

9 is a quadruple star, the four stars veiled in the neb- 
ulosity. Try for the ninth magnitude companion of Rigel, 
distance 9::, position 200°. Smythe claims it is a test for 
а 4-inch refractor. 

Of course, observe the nebula. An excellent way to do 
this is to sight the telescope im advance of the nebula and 
allow this to creep into the field. A far better idea of the 
extent of the luminosity can be obtained by using this 
method. Only a long exposure photograph can show the 
true vastness of this wonder of the skies. See frontispiece. 
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LEPUS 
LEPUS (le&-pus)—THE HARE (Face South) 


LocaTION.—Lepus, the Hare, crouches under Orion’s 
feet. Four fairly bright stars in the constellation form an 
irregular and conspicuous quadrilateral. A few degrees 
south of Rigel are four faint stars that mark the ears of 
the Hare. The curved line of three stars formed by 0, 
7 and ¢ Leporis are in the back of the creature. 

Lepus is about eighteen degrees west of Canis Major. 
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Mythology 


Under Orion’s feet, mark too the Hare 
Perpetually pursued. 


ARATOS. 

Classical writers are much in doubt regarding 
the history of this constellation. 

According to Brown, the Hare is a reduplica- 
tion of the Moon. An astonishing amount of 
folk lore connects the Moon with the Hare. 

As the constellation Lepus sets, the Crow 
rises, which fact accounts for the ancient belief 
that the Hare detested the call of the Raven. 

The Arabs once regarded this constellation as 
“the Chair of the Giant," or “the Throne of 
Jauzah.” They also thought that the four 
brightest stars in the constellation represented 
four camels drinking from the River (Eridanus). 

Hewitt tells us that, in early Egyptian 
astronomy, Lepus was ''the Boat of Osiris," the 
great god of that country, identified with Orion. 

The Hare is said to have been a creature which 
Orion specially enjoyed hunting and for this 
reason it was placed near him in the sky. 
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For the Naked Eye, Field Glass and Telescope 


Gamma Leporis can be separated into a double star with 
a good binocular if it is held steadily. 

"R" marks the location of Hind’s ‘‘Crimson Star," a 
famous Variable of long period. Viewed in a telescope 
it resembles a drop of blood. At maximum it is of the 
sixth or seventh magnitude. At minimum it is eighth 
magnitude. Its period is 436 days. The spectrum of 
К Leporis indicates that “1% is smothered with absorbing 
vapors, a sun near extinction, which at intervals experi- 
ences an accession of energy and bursts through its stifling 
envelope with explosive radiance, only to faint and sink 
once more." i 


The following double stars are of interest for those 
possessing small telescopes. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
a 2.6-9 36 156 Yellow-Gray. Difficult 
for 3 inch telescope. 
ү 3.8-6.4 95 350 Yellow-Garnet. Field 
glass double. 
к 5-8 2 358 Yellow-Blue. 
Н 3752 6-9.5-9 3 104 A triple. 
59 


About 6 minutes east of a Leporis is H 3780, a multiple 
star. Magnitudes 7-8-0-8.5, a beautiful object for a 
small telescope. 

. Observe the cluster 1112, a splendid globular cluster 
discovered by Mechain, which Messier described as a 
starless nebula with a brilliant center. Herschel was the 
first to resolve the nebula into stars. Five stars out of 
the two hundred in this cluster are known to be Variable. 
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CANIS MAJOR 


CANIS MAJOR (ka’-nis ma’-jor) THE GREATER DOG 
(Face South) 


LocaTion.—The three so-called '' Belt Stars" in Orion’s 
girdle, point southeast to the bluish white star Sirius in 
Canis Major, known also as “the Dog Star." It is to us 
the most brilliant star in the heavens. 

Sirius rises in the early evening about Christmas time, 
by March 15% it shines directly south, and it 15 lost to 
our view in the west by the middle of May. 

The stars Betelgeuze in Orion, Procyon in Canis Minor, 
and Sirius form a nearly equilateral triangle. These 
stars, with Naos in the Ship Argo and Phaet in the Dove, 
form а huge figure known as the Egyptian “X.” 


Mythology 


All others he excels; no fairer light 
Ascends the skies, none set so clear and bright. 


MANILIUS. 


From the earliest times Sirius has been known 
as "the Dog of Orion," and the star has been 
famous since the dawn of history. 

Sirius was worshipped by the Egyptians, and 
many of their temples were built in its honor, 
notably the temple of Isis at Denderah. The 
Egyptians held Sirius in high regard for the 
service the star rendered them, for its appearance 
in the east warned them of the rising of the 
River Nile each year, and enabled them to plan 
for the inundation. 
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Mythology—C ontinued 


Sirius has always been known as “the Dog 
Star," a name that may have been given it for 
the reason that the star's appearance served as 
a warning, just as the barking of the dog warns 
his master of danger. 

The term “Dog Days” is associated with 
Sirius. These days derive their name from the 
fact that in ancient times Sirius was overhead 
at this season of the year in the day time, and 
its rays were supposed to mingle with the sun's 
rays and thought to add to the heat 1t radiates, 
thus accounting for the unusual heat in Summer. 

A legend that has come down to us concerning 
Sirius relates that it was the dog Aurora gave to 
Cephalos. It was said to have surpassed all other 
dogs in fleetness. Cephalos thought he would 
prove this fact to his satisfaction by racing his 
dog with a fox. For a time the two creatures 
were on even terms. Jupiter was so pleased with 
the performance of the dog that he placed him 
in the sky as a reward. 
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Sirius 


Sirius has a magnitude of —1.58, and is 324 times 
brighter than the average sixth magnitude star. It is 27 
times brighter than the sun, 2.5 times as heavy, nearly 
twice the diameter. 

Of all the stars visible to the naked eye in this latitude, 
Sirius is the nearest, at a distance of 8.6 light years. At 
this distance the sun would appear as a star a little brighter 
than Polaris. 

According to -Professor Eddington: Sirius has an 
extraordinarily high velocity in space yet it has moved 
only the breadth of the Moon since Ptolemy’s time. It 
has a surface temperature of 20,000° F. Were it as close 
to us as our sun, the earth would be consumed instantly. 

Spectroscopically, Sirius represents a type of star less 
advanced in development than our sun, but older than 
the “Orion” stars. 

Its radial velocity, that is, its rate of speed in line of 
sight, is 5 miles a second toward us. 

Professor Russell gives its probable diameter as twice 
that of the sun. 


The Companion to Sirius 


Famous as the star Sirius is, it has a still more remark. 
able companion. In fact, the companion to Sirius may be 
regarded as one of the most wonderful and interesting 
stars in the Universe. 

In 1834, variations in the motion of Sirius were detected, 
and Bessel announced in 1844 that his mathematical 
investigations led him to the conclusion that Sirius had a 
companion star revolving about it. 

In 1862, Alvan Clark, of Cambridge, Mass., the famous 
maker of telescopic lenses, had just completed a new 
object glass of 18 inch aperture. Turning his new tele- 
scope on Sirius to test the objective, he observed at once 
a faint companion star, thus confirming visually Bessel's 
mathematical prediction. 
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The Companion to Sirius—Continued 


Since its discovery this companion star has been under 
constant observation. Only one ten-thousandth as bright 
as Sirius, it revolves with this brilliant star around a com- 
mon center of gravity, in a period of about fifty years, 
almost exactly the value predicted by Bessel. 

The actual distance between Sirius and its companion 
averages almost exactly twenty times the distance that 
separates us from the sun (93 million miles). The orbit is 
highly eccentric, and the distance between the two stars 
.varies considerably. In 1894 the companion star was so 
nearly in line with Sirius as to be invisible even in our 
largest telescopes. 

During the interval that the companion has been under 
observation, it has made a little more than one revolution 
about Sirius. 

The principal fact of interest concerning the companion 
to Sirius is the disproportionate relationship between its 
size and mass. In this respect the star presents an anomaly. 
A study of its mass has greatly modified our theories of 
the atom. 

Eddington considers that the great density shows that 
the atoms have been practically stripped of their planetary 
electrons and can therefore be packed together more 
closely than matter under “normal” conditions. 

The companion to Sirius is known as a “White Dwarf” 
star, and in point of age is one of the oldest stars. It has 
a mass .9 times that of the sun, yet it is 360 times fainter. 
It is ten thousand times fainter than Sirius. 

In size it is about three times the diameter of the earth, 
and has 250,000 times the earth's mass. One cubic inch of 
it weighs a ton. It is 3000 times as dense as gold, 5000 
times as dense as lead, and 60,000 times as heavy as 
water. 

The following comparison, compiled by Dr. М. 1: 
Luyten, is of great interest: 

A cubic yard of star-mass similar to that of the star 
Betelgeuze in Orion weighs one thirtieth of an ounce. 


(Continued on page 324.) 
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The Companion to Sirius—Continued 


A cubic yard of air such as we breathe on earth weighs 
two pounds. A similar amount taken from the sun weighs 
about a ton. A cubic yard of material taken from the 
companion to Sirius weighs more than 40,000 tons. 

If a man of average weight were transported to this 
wonderful star he would weigh 2600 tons. 

The companion to Sirius is also famous for the measure 
of proof it accords Einstein’s Theory of Relativity. Ac- 
cording to this theory, light leaving the intense gravita- 
tional field of the Companion would be “slowed down,” 
and the consequent shift of the spectrum lines would 
indicate a recessional velocity of considerable amount. 

As Sirius and the Companion form a close binary system, 
the easily measured radial velocity of the bright star is a 
certain means of checking the actual motion of the Com- 
panion toward or away from the Earth. 

The spectra of Sirius and the Companion were, after a 
year’s effort, successfully obtained at Mt. Wilson by 
Prof. Adams, who overcame the great photographic diffi- 
culties presented by the high brilliancy of Sirius and the 
faintness of the Companion. 

Careful comparison, measurement and computation 
showed a ‘‘Jarge shift as predicted. Expressing the results 
in the usual unit of kilometers per second, the mean of 
his measurements came to 19, while the predicted shift 
was 20.” 


For the Naked Eye and Field Glass 


The star cluster 1454 (M 41) can be seen with the naked 
eye. Observe it with an opera or field glass and look for 
a red star in its center. 

Between б and о note a remarkable array of minute 
stars, also a very red star. 

Below 7 there is a very fine group. 
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For the Telescope 


The following double stars are in this region of the sky. 
The Chart indicates their location. 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
ш 5.2-8.0 2 340 White-Blue. 
ут 5.5-8 17 262 
е 2-9 7 160 
Н 3945 7-8 28 67 


Note the nebula 1511 and the curving row of faint stars 
near it. 

Also observe 1454 (M 41). -It is a superb group in a 
3-inch glass, and the red star near the center shows very 
clearly. 

The sight of the brilliant Sirius in a telescope is 
entrancing, particularly when viewed as it is rising or 
setting. Bright rays of every hue dart from its flaming 
heart. As Tennyson expresses it: 


The fiery Sirius alters hue, 
And bickers into red and emerald. 
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MONOCEROS (mo-nos'-e-ros) — THE UNICORN 
(Face South) 


LocaTION.—This inconspicuous constellation is situated 
east of Orion and lies between the constellations Canis 
Major and Canis Minor. "Three of its stars of the fourth 
magnitude form a straight line running northeast and 
southwest, about nine degrees east of the bright red star 
Betelgeuze in Orion, and about the same distance soutb 
of gamma Geminorum. 
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Mythology 


Monoceros is a comparatively new constella- 
tion, and hence there are no interesting legends 
connected with it. It is generally supposed to 
have been designed by the astronomer Bartsch, 
but Olbers and Ideler claim that it was invented 
as early as 1564. Scaliger is said to have found 
the figure on an ancient Persian sphere. 

The Chinese asterism, ‘‘the Four Great 
Canals,” occupied this region of the sky. 

The Monoceros is said to be a species of 
unicorn. It is depicted in the old atlases as a 
creature resembling a horse with a long horn 
projecting from its forehead. It is claimed 
that, when pursued, the animal leaps from great 
heights, lands upon its horn, which breaks the 
fall and the animal is uninjured. 
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For the Naked Eye and Field Glass 


A Nova or new star was discovered at Heidelberg, 
February 4, 1918, in this constellation about two degrees 
south and twenty minutes west of the fourth magnitude 
star 30 Monocerotis. When first observed it was 8.5 
magnitude, and was recognized as a Nova by its spectrum. 
Examination of the Harvard Observatory plates showed 
that the Nova had been visible for fully a month before 
its discovery. It slowly waned to a faint star in the 
course of a few months. 

Monoceros contains a remarkable object discovered by 
Professor Hubble. It is known as а “Variable Nebula." 
The nucleus of this nebula surrounds the irregular Variable 
Star R Monocerotis, which at maximum is 9.5 magnitude. 
The Variable is situated about midway between the fifth 
magnitude stars 13 and r5 Monocerotis. Unfortunately 
the details of this nebula are not visible in a small telescope. 
Long photographic exposures reveal the remarkable light 
changes in the nebula. These fluctuations are extremely 
rapid, being often perceptible in a single day's interval. 
The cause of the phenomenon is not known, but may 
probably be largely dependent upon the star it envelops. 

See, For the Telescope. 
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For the Telescope 


Webb thus describes Monoceros: ‘‘Rich in groups and 


clusters." The following double stars are listed. 
Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
ІІ 4.7-5.2-5.6 7 132 A beautiful object. 
3 108 Triple 
4 6-10-11 3 180 
10 246 Triple. Difficult for 
3” glass. 
8 4-6.7 14 26 Gold-Blue. 
2 921 6-8.2 16 4 
Z 1183 5.5-8 3І 326 
20 6-1r.7 3I I04 Difficult for 3" glass. 


Note the cluster 1424, visible to the naked eye, and a 
fine sight in a field glass. Also cluster 1637, fairly large 
and rich with stars of the ninth magnitude, including a 
fine double. 

There is a glorious low power field about the star 8 
Monocerotis. 'The star 15 Monocerotis is a short period 
Variable star; see chart p. 331. 
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ERIDANUS  (é&rid-a-nus)—OR THE RIVER PO 
(Face Southwest) 


Location.—Three degrees north, and two degrees west 
of the brilliant star Rigel, in the constellation Orion, lies 
the star 8 Eridani, the source of this great starry river in 
the sky. Thence it flows west till it reaches т Ceti, then 
drops south five degrees, and thence east southeast, its 
total length being 130 degrees. 

The great curve the River takes, just east of Cetus, 
resembles a starry horseshoe. 
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Mythology 


The scorched waters of Eridanus’ tear-swollen flood 
Welling beneath the left foot of Orion. 
ARATOS. 


Virgil called this starry River ‘‘the King of 
Rivers." It has also borne the following titles: 
“the River Euphrates," “е River Nile," “the 
River Jordan," and “the River Po." 

The familiar legend relating to the constella- 
tion is as follows: 

Phaéthon, the son of Phoebus and Clymene, 
desired to guide the chariot of the sun for one 
day. His father was loathe to grant his request, 
realizing the danger, but finally gave his consent, 
and carefully instructed his son how to drive 
the fiery steeds. 

Phaéthon started on his wild career, but was 
unable to restrain the horses of the sun; they 
bolted, and there was danger of a great calamity. 
Jupiter sensed the danger to the world, and shot 
a thunderbolt, which, striking Phaéthon, hurled 
him into the River Po. His body was recovered, 
and buried by the nymphs beside the river. 
Phaéthon's sisters were grief-stricken, and spent 
their days weeping at his grave. Jupiter in pity 
changed them into poplar trees that they might 
be near and always protect their brother. 
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For the Naked Eye and Field Glass 


Observe with an opera or field glass the attractive star 
group around В Eridani, and а pair of stars of orange 
hue below ». 

Acherna, alpha Eridani, the first magnitude star in the 
constellation, is too far south to be seen in this latitude. 
This star is 64 light years distant, but there are several 
stars in the constellation that are comparatively near us, 
e Eridani is at a distance of 10.5 light years, omicron 
Eridani 15.5 light years, the latter being a triple star, 
all three moving together. The two which are nearest 
to each other are of interest, for we have been able to 
determine their mass. The two stars are .7 as massive as 
the sun, and give out .8 as much light. 

The location of the obsolete asterism known as “the 
Brandenburg Scepter” is noted on the diagram. 
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For the Telescope 


A partial list of the double stars in this constellation 
follows: 


Double Distance, Angle, 
Star Magnitude Seconds Degrees Remarks 
32 5-7 6 345 Topaz-Bluish. Fine 
contrast. 
62 6-8 63 73 
2 422 6-8 6 232 Gold-Blue. 
39 6-9 6 153 
55 6.2-6.7 9 318 Yellow-White. 
Я 570 7-8 12 258 
Z 436 7-8 30 232 
Y 2.5-10 5І 238 
02 4-9.1 85 107 


Note the planetary nebula 826. Lalande described it 
as the most extraordinary object of the kind he had 


ever seen. 
The doubles 32 and o? cited above were discovered by 


Herschel in 1781 and 1783, respectively. 
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Note 


A description of the Earth properly belongs 
in the following section on the Solar System, but 
it has been thought best to restrict this book to 
“the skies," particularly as lack of space forbids 
discussion of time, the calendar, etc. For an 
excellent presentation of this material the reader 
is referred to ‘‘Astronomy in a Nutshell” by 
Serviss in which some sixty pages are devoted 
to the Earth. 
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THE SOLAR SYSTEM - 


The Solar System has been introduced to the 
reader in the chapter for the beginner. It is 
now time to take it up in detail. 

In the center of this great system, spins the 
Sun, a huge globular mass of flaming gases, in- 
conceivably hot, giving forth practically all the 
light and heat for its whole family. 

Around itself, the Sun, by the mighty power 
of gravitation, swings, in the order named, the 
following nine bodies called planets: Mercury, 
Venus, Earth, Mars, Jupiter, Saturn, Uranus, 
Neptune and Pluto, all revolving in slightly el- 
liptical orbits. (See p. 405k). The orbits of the 
planets lie approximately in the same plane (the 
plane of the ecliptic, as it is named), so that the 
shape of the Solar System as a whole is that of 
a great flat disk. These planets all shine only 
by reflecting a portion of the Sun’s light. They 
have no light of their own. Their brilliancy is 
of wide range. This is mainly because of the 
difference in their distances from us, but is also 
due, in part to the difference in their sizes and 
reflective power (albedo), as well as to their 
position in relation to the Sun and the Earth. 
Because of distance, Uranus is but barely vis- 
ible to the naked eye, Neptune is never seen 
without a telescope, nor Pluto without the aid 
of a large glass; while Mercury is so close 
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to the Sun that it appears but at certain inter- 
vals, and then, under perfect conditions only, is 
visible without a glass. Four of the planets, 
however, Venus, Mars, Jupiter, and Saturn, are 
those "stars" which shine to the naked eye clear 
and bright, without the ‘“‘twinkle’’ of the real 
stars, and, as said before, two of them, Venus 
and Jupiter, are those which so often sparkle in 
our early evening and morning skies with such 
luster and brilliancy. 

The inner four of the nine planets are com- 
paratively small and dense, or heavy; the next 
four are large and light; Pluto small and dense. 

The periods of their revolutions about the 
Sun—their “years,’—vary with their distances 
from it, between 88 days and 252 years. This 
is in obedience to a definite law of motion which 
insists upon an exact relation between such times 
and distances. 

The orbits of the planets in regard to the Sun 
are ellipses, it is true, but in relation to space. 
they are, because of the motion of the Sun along 
its celestial path, vast spirals; so that, far from 
returning to the same spot in the Universe at 
the completion of one revolution about the Sun, 
a planet never passes over the same place twice. 

Refer to the diagram on p. 159. 

Around most of these planets, revolve from one 
to ten smaller bodies, called moons or satellites. 
These satellites, of which our Moon is one, shine 
also only by reflected light. 

The Sun, planets, and satellites all rotate upon 
their.axes, in periods ranging from a few hours 
to several months. 
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Between the orbits of Mars and Jupiter is a 
large number of still smaller bodies, called 
asteroids or planetoids. Of these, over 1000 
have been discovered, sweeping, each in its own 
orbit, as part of a great ring around the Sun. 

Unique among the solar family are the ''fery- 


The Orbits of the Terrestrial Planets and One of the 
Planetoids 


haired” comets, those ancient portents of evil, 
which swing in narrow ellipses of great variety, 
some contentedly remaining within the planetary 
boundaries, and others rushing far into the 
emptiness beyond to return again to view only 
after hundreds and even thousands of years. 
Indeed, some astronomers believe that. а per- 
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centage of the comets are truly wanderers in 
space, which bow to the Sun but once, and pass 
on never to return. 

Least in size, but by far the most numerous, are 
the meteors, chips, so-to-speak, from worlds in 
the making, some of which are herded together 


Neptune 164.29 
Yea, 


The Orbits of the Major Planets 


in vast swarms, while others pursue more lonely 
paths. But all, alike, obey the great law, and 
revolve in stated orbits around the Sun, until 
they collide with one of the planets, or, disturbed 
by a too close approach to such a large body, are 
swung into a new path that ends in the Sun itself. 
It is the fiery dissipation of a meteor, heated 
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to a great temperature by the friction of our 
atmosphere, which causes the phenomenon of a 
“shooting-star.” 

It is probable, also, that a ‘“‘cloud” of almost 
dust-like particles of matter extends . through 
much of the Solar System, particles too small 
to be of appreciable size or weight. 

A full table of the. Elements of the Solar 
System is given in the appendix. 

All the members of the solar family will be 
taken up chapter by chapter, and it seems fitting 
to begin with the Sun itself. 


Orientation of Sun’s Image 


S 


A. Direct view with naked eye. 
B. As viewed in astronomical telescope. 
C. Projection on a screen. 
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THE SUN 


Of all the heavenly bodies the sun is of the 
greatest practical importance to mankind. It is 
responsible for our existence, and our well being 
is absolutely dependent on it. 

Without the stimulation of the sun’s heat 
there could be no vegetation, without which life 
on the earth would be unsupportable. 

The Sun is the nearest star, hence it is of 
prime importance that we should endeavor to 
ascertain everything we can about it. To quote 
from Sir William Herschel: The influence of this 
eminent body on the globe we inhabit is so great 
and so widely diffused, that it becomes almost 
a duty to study the operations which are carried 
on upon the solar surface. 

Thanks to the assiduous efforts of astronomers 
over a long period of years and various ingenious 
devices invented by them for developing research 
work, many facts of vital interest have been 
ascertained relating to the sun. 

The possessor of a three-inch telescope may 
derive much pleasure and profit by observing the 
sun, but great care must be used or the sight 
will be permanently impaired. Many telescopes 
are equipped with shade glasses of neutral tints, 
which, when screwed to the eyepiece, admit of 
direct solar vision. If this method is used, the 
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aperture of the objective should be decreased by 
means of a diaphragm placed over the objective, 
otherwise the heat is liable to crack the solar 
eyepiece, thus endangering the eyesight. 

A smoked glass may also be used in place of 
a solar eyepiece, and answers very well if it is 
well covered, but it is a dangerous method to 
employ, and rather than take the risk, the meth- 
od of viewing the sun by projecting its image on 
a screen should be adopted. This, in addition to 
being perfectly safe, permits a number of persons 
to view the solar phenomena at the same time. 
It is best to fasten the screen to the telescope by 
a light framework, over which a black cloth 
should be stretched to keep out the light, and 
render the image more distinct. As a further 
screen, the object glass should be allowed to 
project through a piece of cardboard. 

It is unnecessary and dangerous to locate the 
sun by sweeping for it, as, by experimenting a 
little, the sunlight can be made to appear on a 
paper held close to the eyepiece. 

The most satisfactory views of the sun are to 
be had through a solar eyepiece, which, by means 
of a prism, diverts most of the sunlight, and 
permits of a direct view of the solar phenomena 
without running any danger of ruining the eye- 
sight. Even with this device a shade glass must 
be used. uf 

The phenomenon of especial interest to the 
observer with a small telescope who directs his 
attention to the sun, are the sun spots. 

Sun spots are now known to be cyclonic dis- 
turbances of vast extent and terrific violence on 
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the surface of the sun. The umbra of a spot, 
that is the dark central portion, is a powerful 
magnetic field, a maelstrom of swirling “flames” 
of elemental gases. The umbra is not nearly as 
hot as the rest of the sun’s surface. 

The spots appear dark only in contrast to the 
rest of the solar surface. In reality they are 
hotter and more brilliant than molten steel. 

Sun spots range in size from five hundred to 
one hundred and fifty thousand miles in extent, 
and large ones can be seen with the naked eye, 
using a smoked glass, or an over-exposed photo- 
graphic film to protect the eye. 

The spots often change in size from day to day. 
Some seem to disintegrate and disappear in a 
few days, while others remain intact and persist 
for several successive periods of the sun’s rota- 
tion. It is good practice to make a sketch of the 
spots as they are observed, in order to note 
changes in their appearance from day to day. 

On the average the spots travel across the 
sun’s disk in a little over fourteen days. 

There is a great variation in the number of 
spots visible in different years. In 1843 Schwabe, 
of Dessau, after collecting data relating to sun 
spots observed over a period of forty years, 
announced the discovery that this data proved 
that there was a wax and wane in the number 
of spots visible yearly, and a period of eleven 
years was indicated. The last maximum was in 
1928. 

In 1917, the previous year of sun spot maxi- 
mum, there were spots on the sun every day. In 
1913, the sun was spotless 312 out of the 365. 
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days. The cause of the periodicity of sun spots 
is not known. 

There is a direct connection between sun spots 
and terrestrial magnetic storms, and displays of 
the Aurora Borealis. When a sun spot is central 
on the sun the earth is bombarded by electrons 
freed from the atoms by the disturbance and 
hurled forth by the radiant energy of the sun. 
These electrons excite the earth’s atmosphere 
and cause the beautiful displays of the Northern 
Lights. 

Attempts are now being made to establish a 
relationship between sun spots and the factors 
pertaining to meteorology. 

Excellent views of sun spots may be had 
through the solar eyepiece, by inserting between 
the lenses of the eyepiece used in connection 
with it, a piece of cardboard, which has a hole 
pierced through its center with a red-hot needle. 
This method reveals much detail in the spots. 

Eclipses are, of course, of the greatest interest, 
especially total eclipses. They are described and 
explained in the special chapter devoted to them. 

The so-called solar prominences are the most 
spectacular of all solar phenomena. They are 
geyser-like flames of hydrogen and helium gas 
that burst forth from the sun’s surface, some- 
times rising to a height of 500,000 miles. A rise 
of 120,000 miles in twenty minutes has been 
observed. The prominences can only be seen 
when on the sun’s limb, and then only through 
the slit of a spectroscope, except at times of total 
eclipse. It is hardly worth while to attach a 
spectroscope to a telescope of less than five-inch 


350 


THE SUN 


aperture. For those who have suitable instru- 
ments, spectroscopic observations offer a rich 
field of interest and study. 

In closing this brief reference to the sun the 
writer emphasizes again the danger of observing 
the sun directly without interposing a shade 
glass. 


FACTS CONCERNING THE SUN 


Rate of Speed 
Magnitude Distance Diameter Rotation Tempera- through 
from Earth Period ture Space 
--26 92,870,000 864,000 27 days 10,000? F. 12 miles a 
miles miles second 
ON THE SCALE EARTH EQUALS 1 
Surface 
Diameter Mass Density Surface Volume Gravity 
109 333,434 0.26 II,900 1,300,000 28. 


The Sun’s light is 600,000 times that of the 
Moon. Of the total light and heat in the Sun 
the Earth only receives узууун part. 
` The following illustrations will give the reader 
some idea of the Sun’s size, temperature, and 
distance from us: 

A railway journey around the Earth at 35 
miles an hour would take thirty days.. It would 
take at that rate eight and one half years to 
circle the Sun. 

One hundred and nine globes the size of the 
Earth, placed edge to edge, would extend from 
one limb of the Sun to the other if it were a 
flat surface. 

“Tf a bridge of ice 2.1 miles wide linked the 
Sun to the Earth, and the Sun’s radiant heat 
were concentrated on it, the bridge would be 
melted in one second." 
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If your arm was long enough to reach from 
the Earth to the Sun, you would not live long 
enough to realize that you had touched a hot 
substance. It. would take 100 years for the 
nerves to translate the sensation to the brain. 

Every 16 square feet of the Earth’s surface 
receive I horse power of solar energy. Every 
square foot of the surface of the Sun emits 8200 
horse power of energy. 

Tyndal has expressed the following interesting 
thought: Without solar fire we could have no 
atmospheric vapor, without vapor no clouds, 
without clouds no snow, without snow no gla- 
ciers. The ice of the Ape: has its origin in the 
heat of the Sun. 

Eddington estimates the internal heat of the 
Sun at about 40 million degrees; it seems that 
this is probably the internal temperature of most 
of the stars. “о not imagine that 40,000,000 
degrees is a degree of heat so extreme that tem- 
perature has become meaningless. These stellar 
temperatures are to be taken quite literally. 

I suppose that nine-tenths of the matter 
of the Universe is above 1,000,000 degrees." 


Note on Moon (see next page). 

The Moon revolves around the Earth in a period of 
about 27 days, 8 hours. Because of the Earth's motion 
about the Sun, however, the period between new Moon 
and the next new Moon is about 29 days, 12 hours. 

The Moon rotates on its axis in the same time it re- 
quires for one revolution around the Earth, therefore it 
always presents the same face to the Earth. 
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(See preceding page for NOTE) 


The mean distance of the moon from the earth 
is 238,818 miles. Its diameter is 2170 miles, 
and it is a little larger than the continent of 
South America. Because of the moon's com- 
parative proximity to the earth, it is the easiest 
and, at first, the most interesting of telescopic 
objects to the owner of a small telescope. 

A telescope which magnifies only one hundred 
times will show a spot on the moon's surface 
whose diameter is 1223 yards. One which 
magnifies a thousand times will enable us to 
perceive objects on her surface whose dimen- 
sions are only 122 yards, which does not much 
exceed the size of the Capitol at Washington. 
The highest power yet applied to the moon, a 
power of six thousand, brings our satellite to an 
apparent distance of forty miles. 

No object that could with the slightest appear- 
ance of probability be ascribed to the labors of 
intelligent creatures has ever been detected on 
the moon's surface. 

We know more of the physical formation of 
the face of the moon turned toward us, than we 
know of many parts of Asia, South America, and 
the interior of Africa. 

More than five hundred features of the lunar 
surface have received names. 
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Water cannot possibly exist as a liquid on 
the moon, for the temperature of the moon’s 
surface during the long lunar night is probably 
not far from 200° below the zero mark on a 
Fahrenheit thermometer. During the day the 
temperature rises to a probable maximum of 
about 200° F. 

The light of the full moon, which equals the 
light of 100,000 stars of zero magnitude, is one- 
600,000th part of the sun’s light, and about 
twelve times the light of the half moon. The 
moon reflects about one-tenth of the light which 
falls on it from the sun. In the whole heavens 
the stars give about one-eightieth as much light 
as the full moon. The earth reflects to the moon 
about fourteen times as much light as the moon 
sends to the earth. (See page 374.) 

It is best to observe the moon with a low 
power, and under the varying conditions of sun- 
rise and sunset," which, like the corresponding 
times of the earth, abound with grand and 
beautiful effects of light and shade.” 

'The best view of an object on the moon's sur- 
face is to be had when it is on the terminator, as 
the boundary line between the illuminated and 
the unilluminated portions of the moon is called. 
Those objects which are on the terminator early 
during the first quarter, will be found there early 
on the third quarter. 

Although the general statement is true that 
we. see, only half of the moon, to speak more 
correctly we see.about, fifty-nine per cent of the 
moon's surface, although we never see this 
amount at any one time. This fact is due to 
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the ‘“‘balancings”’ or libration of the moon, as it 
is called. The student is advised to consult text 
astronomy for a further discussion of this sub- 
ject, as the treatment of technical matters does 
not come within the scope of this book. 

Because of the phenomena of libration, it is 
impossible to give a fixed position to the various 
formations on the moon’s surface with respect 
to the moon’s “аре,” so that no precise instruc- 
tions can be given where to look for them. 

The nomenclature of the moon is interesting 
because it serves to immortalize the names of 
many of the wise men of old whose memory 
might otherwise sink into oblivion. The astron- 
omer Riccioli of Bologna, who published a chart 
of the moon in 1650, is responsible for most of 
the names of the interesting features of the 
moon’s surface, and many of them are fanciful 
beyond reason. 

The fact that seems to impress most persons 
who view the moon for the first time through a 
telescope is the rapidity with which it passes out 
of the field of vision. The high magnification 
emphasizes the earth’s motion to such an extent 
and the speed with which we are rotating is 
thus made manifest in such a startling way, that 
few gaze without expressing their astonishment. 
Then, too, the detail brought out by even a low 
power is a matter of wonder. It seems almost 
incredible that in a small telescope craters on the 
moon only six miles in diameter can be seen 
distinctly. 

'The word crater is used in connection with the 
great ringed depressions, surrounded by moun- 
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tains, that are so numerous on the moon’s sur- 
face. It is a misnomer as applied to these forma- 
tions which are totally unlike terrestrial craters. 
Probably, they are of volcanic origin, but here 
the analogy ceases. Nothing on the earth is 
like them. Ringed plains is perhaps the best 
name for them, as it is descriptive in a measure. 
They are like great amphitheatres, sometimes 
100 miles in diameter, surrounded by gigantic 
mountain walls that rise almost abruptly thou- 
sands of feet high. They often contain central 
mountains, or bowl-like pits. 

The lunar landscape is all on a stupendous 
scale. It is said that there are twenty-eight 
peaks on the moon that exceed in height our 
most lofty mountains. Everywhere on the 
moon’s surface are traces of cataclysmic action 
that is almost beyond our comprehension. ` 

The Moon is mainly responsible for the action 
of the tides. 

Because of its small size the gravitational pull 
of the moon is опу 4 that of the earth, conse- 
quently upheavals on the moon transcend in 
violence those on the earth: 

It would be easy for a man transported to 
the moon to jump over a barn. 

A three-inch field gun would have a range of 
280 miles. | 

Babe Ruth’s home run hit would go a mile 
beyond the ball grounds and’ бес Jones’ drive 
would carry 6 miles. 
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The Diagrams of the Moon 


These are sketches from a series of fine photo- 
graphs that were published in Mr. Garrett P. 
Serviss’s excellent book entitled The Moon. 
They are intended only to guide the student in 
the identification of the lunar wonders visible 
in a three-inch telescope, and make no claim to 
exactness or pictorial resemblance. 

Only a portion of what appears on the earlier 
diagrams is repeated in the successive views, as 
their repetition would tend to fill up the diagram 
with names, leading to confusion. In each dia- 
gram therefore, particular stress is laid on the 
additional features of the moon’s surface that 
the ever-advancing sunlight reveals. 

In conclusion, the diagrams of the moon repre- 
sent its telescopic or inverted appearance, so 
that the north point is at the bottom, the south 
at the top, the east to the right, the west to the 
left side of the diagrams respectively. 
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: MOON--PLATE I 


'The narrow crescent of the moon illumined by the sun, 
as shown in the opposite plate, presents few objects of 
interest to the observer, but as each successive night of 
observation until the moon is full presents new material 
worthy of attention, it is well for the student to master 
the details as they are presented. 

The Mare Crisium, or the Sea of Crises or Conflicts, as 
it is called, is the most prominent object visible at this 
time, and because of its dark hue the analogy to a sea is 
striking. It тпеавигев 350 miles from north to south, 280 
miles from east to west. Note Cape Agarum, 11,000 feet 
high, jutting out into the sea on the southwest, and two 
small craters on the surface of the sea's floor a little east 
of its center. The southern one is named Picard, the 
northern Pierce. 

North of the Mare Crisium is the crater Cleomedes. 
It is 80 miles in diameter. One peak on its wall is 10,000 
feet high and it contains a central mountain divided by 
three clefts. On its eastern wall is a very deep crater 
named Tralles. 

If the atmospheric conditions are favorable, a certain 
amount of detail can be seen on the dark or earthlit por- 
tion of the moon. The brilliant crater Aristarchus, and 
the darkest crater, Grimaldi, on the eastern limb of the 
moon, have been seen. 
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PLATE I 


Moon’s Age 3.85 Dayo 
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MOON—PLATE II 


Petavius is one of the finest objects on the moon, It 
measures 100 miles from north to south. Its wall is 
divided by many valleys, while in the center of its vast 
plain rises a mountain 5000 feet high. A straight line 
radiates from this mountain, extending southeast to the 
wal! of the crater. This line, which in reality is a great 
cleft, one of many on the moon’s surface, can be easily 
seen іп a three-inch glass. Тһе best time to view it is a 
day or so after the full moon, when the sun is setting on 
the western limb of the moon. In formation these clefts 
or rills, as they are called, are analogous to our western 
canyons. Petavius is especially noteworthy because of 
the convexity of its floor, the center of which is 800 feet 
higher than its edges. 

Langrenus is 80 miles in diameter. It contains a moun- 
tain peak 5800 feet high. Note three small craters just 
northeast of Langrenus forming a triangle. 

Vendelinus is pear-shaped, and therefore easily identi- 
fied. Note a small but brilliant crater on the northeastern 
slope of Furnerius. 

Burckhardt is the name of the crater just north of 
Cleomedes. North of it is Geminus, 54 miles in diameter. 
Its western wall rises to a height of 16,700 feet. 

Gauss, from north to south, measures 110 miles. 
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PLATE ТІ 


Moon’s Age 3.87 Days 
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MOON—PLATE III 


The diamond-shaped Sea of Fecundity and the Sea of 
Nectar, pentagonal in form, are now visible. At the south 
of the latter sea, note Frascatorius with its north wall 
broken down. Endymion near the western limb is ellip- 
tical in appearance. Its west wall in places is 15,000 ft. 
high. View Endymion 3 d. 7 h. after the new, and 2 d. 
9 h. after the full moon. 

N. W. of Fabricius and Metius is a deep cleft. On the 
tip of the southern horn of the moon the peaks of the 
Leibnitz Mts. may be seen. 

Messier, 9 m. across, and Messier A are noteworthy. 
Two slightly diverging streaks run east from the latter 
for a long distance. They seem artificial, but their char- 
acter is still an enigma. 

Alleged changes have taken place in the shape of these 
craters. 

East of Proclus is.a peculiar yellowish-brown patch 
somewhat diamond-shaped. It is called Palus Somnii, 
or “Marsh of a Dream." 

Hercules and Atlas are best viewed 5 or 6 days after 
the new moon, or 2% days after the full moon. The for- 
mer contains a crater pit, and is 46 m. across. In the 
center of Atlas, which is 55 m. in diameter, rises a 
mountain. 
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PLATE III 


Moon’s Age 5.54 Days 
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MOON—PLATE IV 


Note the crooked line of the Altai Mts. and the Taurus 
and Hemus ranges, with Pliny 32 m. across, between 
them. Dawes lies just west of Pliny. 

East of the Sea of Nectar is a striking group, Theophilus, 
Cyrillus, and Catharina. The former is 64 m. across. 
Its wall in places is 18,000 ft. high. Its central peak can 
be seen beyond the terminator 5 d. after the new moon. 
Cyrillus is trapezoidal in form and contains two peaks. 
The N. W. portion of its wall has been demolished to 
make way for the wall of Theophilus. 

Posidonius on the western shore of the Sea of Serenity 
is 62 m. across and contains a crater. Its interior plain 
lies about 2000 ft. below the outer surface of the moon. 
It is best viewed 6 d. after the new moon. North of it is 
a “У” shaped bay called the Lacus: Somniorum or “Lake 
of Sleepers." A peculiar ridge winds its way from Posi- 
donius to Pliny across the Sea of Serenity. South of 
Posidonius is Le Monnier with its eastern wall broken 
down. 

Mt. Argzus, М. W. of Pliny, 8400 ft. high, is a fine sight 
when the moon is 5 d. old. 

North of the Sea of Nectar note Isidore and Capella 
with a peak over 13,000 ft. high between them. The ring 
of Capella is cüt down by a broad cleft. 

N. E. of the Mare Crisium note bis us Maraldi, 
Littrow and Roemer. 

South of Fabricius and Metius are three small craters 
close together, Pitiscus, Hommel, and Valcq. Steinheil, 
М. W. of them, is shaped like the figure “8.” Polybius 
and Pons lie on opposite:sides of the Altai Mts. 
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PLATE IV 


Moon’s Age 5.74 Days 
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MOON—PLATE V 


Іп the south Maurolycus, 150 m. across, and Stófler are 
conspicuous. The former is best viewed about the time 
of the moon’s first quarter. At full moon it is practically 
invisible. Some of its peaks are 15,000 ft. high. 

About the center of the moon, just west of the termi- 
nator, lie Albategnius, 65 m. across, and north of it 
Hipparchus, 90 m. in diameter. The latter exhibits signs 
of demolition and is presumably older than Albategnius 
which is very deep and comparatively perfect. 

Note Menelaus and Sulpicius Gallus on the south shore 
of the Sea of Serenity, with Manilius between them. It is 
not known why these and a few other craters are so con- 
spicuously bright. 

The Caucasus Mts. are prominent south of Eudoxus 
and Aristoteles (50 m. across). In the center of the range 
is Calippus. 

The dotted line across the Sea of Serenity represents a 
light streak radiating from Tycho, 2000 m. to the south- 
ward. It crosses Bessel, 14 m. in diameter, situated in 
the midst of the Sea of Serenity. The character of the 
light streaks on the moon is unknown. 

The small triangular shaped crater east of the Caucasus 
Mts. is Thectetus, interesting because a French observer 
claims to have seen smoke rising near it. 

The Sea of Serenity is 430 m. long and about as wide. 
Its area is 125,000 sq. m. 

Godin, 23 m., and Agrippa, 27 m. in diameter, respec- 
tively, are fine objects when seen on the terminator. A 
minute point of light is alleged to have been seen near them. 

S. E. of Piccolomini are three craters forming a triangle. 
Zagut is the name of the largest. 
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PLATE V 


Moon’s Age 7.75 Days 
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MOON—PLATE VI 


Clavius is conspicuous in the south. It is 140 m. across, 
16,000 sq. m. in area, and a peak on its western wall is 
17,300 ft. high. Within its walls 90 craters have been 
counted. If its surrounding wall were straight, it would 
cover the distance from New York to Buffalo. 

Tycho, 54 m. in diameter, is the perfectly formed crater 
north of Clavius. A system of light streaks extending 
over a quarter of the visible hemisphere of the moon 
radiate from it. 

North of Tycho, just west of the terminator, lie two 
groups containing three craters each. The largest in each 
group lies to the north. 

The Apennine Mts., a grand range, start from Mt. 
Hadley, 15,000 ft. high, and terminate at Eratosthenes 
450 m. to the S. E. 

Eratosthenes, 38 m. across, is 8000 ft. deep. It con- 
tains three conspicuous central peaks. 

Professor W. W. Pickering claims to have observed 
changes in the interior of the crater Eratosthenes, which 
he ascribes to organic life in the form of vegetation that 
flourishes while the sun shines and withers when night 
falls. 

Archimedes, 50, Autolycus, 23, and Aristillus, 34 m. 
in diameter respectively, lie north of the Apennines. 
Cassini, to the north of them, contains two central pits. 
More than fifty objects have been detected within the 
walls of Archimedes. 

Note the small peak Linné north of Mt. Hadley. Al- 
leged changes have been noted in its form. 

The Alps are pierced by a great cleft 80 m. long and from 
3% to 6% m. in width. Its depth is at least 11,500 ft. 

Ariadzeus is connected with Hyginus by a valley best 
observed at first. quarter. Hyginus is situated on the 
western shore of the Mare Vaporum or ''Sea of Mists." 

Note the Sinus ZEstuum, or ''Gulf of Heats," south of 
the Mare Vaporum. 
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PLATE VI 


Moon’s Age 9.22 Days 


369 


FIELD BOOK OF THE SKIES 


MOON—PLATE VII 


Note Cichus, north of Tycho. A crater on ts eastern 
wall only 6 m. across can be seen. 

West of Birt note the Lunar Railway or Straight Wall, 
a cliff line 65 m. long and 1000 ft. high, best viewed one 
or two days after the first quarter. The western shore of 
the Mare Nubium, or “беа of Clouds,’’ outlines the profile 
of the ‘‘old lady in the moon." Her hooked nose is just 
S. E. of Ptolemy. Note Bulliadus 38 m. across, and 9000 
ft. deep, and Gassendi, 55 m. in diameter. There are 
many curious clefts in the wall of Gassendi. North of it 
is Letronne, its north wall broken down. 

Copernicus is conspicuous. It contains 8 central peaks, 
3 of which are bright ones, and one is 2400 ft. high. 

Plato, 60 m. across, is one of the darkest spots on the 
moon. Hevelius called it "the great black lake." South 
of it note Pico 8000 ft. high. 

Capes Heraclides and La Place are at the eastern and 
western extremities respectively of the Sinus Iridum or 
“Bay of Rainbows." They are 135 m. apart. The former 
is 4000 ft. high, and its shadow forms the silhouette of 
the “тпооп maiden," best viewed when the moon is ІІ 
days old. 

The Carpathian Mts. north of Copernicus are best 
viewed ro days after the new moon. East of them is 
Tobias Mayer, 20 m. across and 9700 ft. deep. Kepler, 
22 m. across, is notably bright. 

Newton, south of Clavius, is 142 m. long and 24,000 ft. 
deep, the deepest crater on the moon. 

Note the circular Mare Humorum or ''Sea of Humors," 
the darkest of the seas. 
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PLATE VIL 


Moon's Age 11.78 Days 
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MOON—PLATE VIII 


The telescopic view of the full moon, contrary to the 
popular notion, is disappointing. The brilliancy of the 
reflected light dazzles the eye, eliminates the shadows of 
the great peaks, and renders the interesting details 
invisible. 

Grimaldi on the eastern limb, 148 m. long by 129 m. 
broad, is the darkest spot on the moon. N. W. of it in 
the Oceanus Procellarum or “Осеап of Tempests” is 
Aristarchus, the brightest spot on the moon. It is 28 m. 
across and connected with Herodotus by a short bright ray. 

Herodotus is 24 m. across. A winding valley starts from 
it and can be traced across the sea for a distance of 100 m. 

Note the dark patches west of Copernicus, the:color of 
the Palus Somnii, the brilliant craters Proclus, Ariadzus, 
Menelaus, Manilius, Sulpicius Gallus, Pico, Aristarchus, 
and the. black craters Plato and Grimaldi. 

Observe the Riphaan Mts. north of the Mare Humorum, 
and the Harbinger Mts. north of Aristarchus. The dark 
patch north of the Mare Imbrium, extending from the 
Caucasus Bits, to the Oceanus, Procellarum, is the Mare 
Frigoris, or “беа of Cold.” The bay that seems to con- 
nect the Mare Frigoris with the Oceanus Procellarum, 
north of the Bay of Rainbows, 15 the Sinus Roris, or 
“Gulf of Dews:”’ Archimedes, Autolycus, and Aristillus 
are surrounded by an area of a lighter hue than that of 
the Mare Imbrium. This region is called “Тһе Marsh of 
Corruption." 

АП the southern. and western portions of the moon are 
wanting in detail, owing to the intensity of the light. 
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Drawn to a scale slightly smaller than that of the 
other diagrams. 
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The Phases of the Moon 


Near the time of ‘new moon, the whole disk is easily seen, the part 
upon which the Sun does not shine being illuminated by a pale some- 
what reddish light. This is popularly known as the “ old moon in the 
new moon's arms." This light is reflected light from the Earth, or 
Earth-shine. The Earth at this time, when viewed from the Moon, is 
nearly full. The ruddy color of the Earth-shine is caused by the light 
passing twice through our atmosphere. Leonardo da Vinci was the first 
man to explain this phenomenon satisfactorily. 
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LUNAR OCCULTATIONS 


As the Moon moves eastward in the sky it 
frequently occults, or eclipses, a star and some- 
times a planet. This is always an interesting 
sight to observe with a telescope, particularly if 
the star is a bright one. 

A table containing the dates, time, and stars 
occulted, is published in the Nautical Almanac, 
which should be in the hands of all amateur 
astronomers. It can be obtained from the 
Superintendent of Documents, Washington, 
D.C. Price, $1.00. A time correction is neces- 
sary for those who do not live in Washington, 
D.C. The longitude of Washington is 5 hours, 
8 minutes, and 15.7 seconds west of Greenwich. 

The sudden eclipse of the star as the sharp 
limb of the Moon interposes is a startling phe- 
nomenon, and probably the most nearly instan- 
taneous that the human eye beholds. This fur- 
nishes conclusive proof that there is practically 
no atmosphere on the Moon. 

The most beautiful occultations are those 
when the star disappears behind the dark limb 
of the Moon, as between new Moon and first 
quarter. 

Because of the Moon’s eastward motion 
relatively to the stars, the disappeararices, when 
viewed with the naked eye, will take place on 
the eastern or left hand limb of the Moon, the 
reappearances on the western or right hand limb. 
The reverse is true when the occultation is 
observed with a telescope. 
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THE PLANETS 


While it is not within the scope of this work 
to discuss the planets in full detail, it has been 
thought best to give such facts and statistics con- 
cerning them as might prove of interest to the 
reader. 

From the observational standpoint certain 
explanatory matter regarding them is necessary 
to prevent confusion, for it must be remembered 
that the planets appear in different constellations 
at different times and are not shown on the dia- 
grams. 

In the four large plates that precede the sea- 
sons, it will be observed that a portion of an 
ellipse has been traced, and that this line has 
been designated the Ecliptic which simply means 
the sun's apparent pathway across the sky: 
This is also the path of the planets. 

This pathway is divided into twelve equal 
parts of thirty degrees each, and to these twelve 
divisions are given the names of the constella- 
tions of the Zodiac in the following order: 
Aries (T), Taurus (9), Gemini (X), Cancer 
(6), Leo (0), Virgo (W), Libra (=), Scorpio 
(M), Sagittarius (Ж), Capricornus (V3), Aquarius 
(=), Pisces (XX). 

Confusion, therefore, respecting the planets 
can arise only in connection with a studv of one 
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of the twelve constellations named above, so 
that whenever a star of any size not accounted 
for in the diagram, is seen in one of these con- 
stellations, the student may conclude that this is 
a planet; especially if the unknown star does 
not twinkle. Now, to identify the planet. 

This can be done by referring to the diagram 
on page 492 or to a properly equipped plani- 
sphere, or an almanac, which states what planets 
are above the horizon, and which are morning 
and evening stars. By morning star is meant 
that the planet is west of the sun, and rises before 
the sun; by evening star, that it is east of the sun, 
and sets after the sun. 

The Barrett-Serviss Planisphere is of great 
value in locating the heavenly bodies visible to 
the naked eye and should be in the hands of all 
amateur astronomers. 

If the planet is in the west, and very brilliant, 
it is safe to assume that it is the planet Venus. 

If it is brighter than any of the fixed stars, 
is some distance from the sun, and golden in 
light, it is doubtless the colossal Jupiter. 

If it is noticeably reddish, it is probably 
Mars. 

Saturn is distinguished because of its pale, 
steady, yellow light. 

As for Mercury, Uranus, and Neptune, the 
former is very near the sun, and seldom seen; 
while Uranus and Neptune are so inconspicuous 
as to lead to no confusion on the part of the 
novice. Pluto is visible only with a large glass. 

The following table of first-magnitude stars in 
the Zodiacal constellations confines the question 
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of identifying the planets to a comparison of the 
unknown star with the following-named stars: 


Castor and Pollux in Gemini. 


Spica “ Virgo. 
Regulus “ Leo. 
Aldebaran ** Taurus. 
Antares “© Scorpio. 


The first four stars named above are white in 
color, so that either Mars or Saturn are readily 
distinguished from them. 

As for Aldebaran and Antares, which are both 
red stars, not unlike Mars and Saturn in color 
and magnitude, the fact that the latter do not 
twinkle, and that they do not appear in the 
diagrams, should satisfy the observer of their 
identity. Reference to an almanac, or a few 
nights of observation, will in any case set at 
rest any doubt in the matter. 


The Planets for the Telescope 


In addition to the multitude of interesting 
objects scattered among the universe of stars, 
the planets of our own system offer much to be 
observed, and because their comparative prox- 
imity renders them more satisfactory objects to 
view in a small telescope, they may prove of 
greater interest to the beginning astronomer than 
those great suns that send us at best but faint 
messages of light, and concerning which our 
knowledge is secured mainly by the spectroscope. 

The amateur astronomer with his three-inch 
glass has in the observation of the planets a 
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source of pleasure that can never wane. Their 
numerous changes in position add variety to the 
observations, and their near approaches to the 
earth lend the zest of anticipation to the inter- 
ested student. 

There is the greatest satisfaction in seeing 
with your own eyes the peculiar characteristics 
of the planets that our own sun illumines, of 
which volumes have been written and which the 
whole race of intelligent beings have wondered 
at. Much more can be seen with a small tele- 
scope than is imagined, and the sight of the 
satellites of Jupiter and the rings of Saturn is 
far more impressive and satisfactory than any 
amount of reading concerning them. 


In the paragraphs For the Telescope referring 
to each planet there have been given only the 
details that can be seen with a small glass. 

Taking up the planets in order, counting from 
the sun outward, the planet Mercury first claims 
our attention. 


Note: For accurate planetary positions consult the 
Nautical Almanac. (See р. 515.) 
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Mercury 


Mercury is the nearest to the sun of any of the 
planets. On this account, and because of its 
rapid changes, it is seldom seen. 

The most favorable time for observing it is 
just after sunset, or just before sunrise, during 
the months of March, April, August, and 
September, when it may be seen for a few 
successive days. 

Mercury is also the smallest of the planets. 
Its diameter is about 3,000 miles; that of the 
Moon about 2,000. 

Like the god it is named after, Mercury moves 
very swiftly in its orbit, at a speed varying from 
23 to 36 miles a second, and completes its revo- 
lution about the Sun in 88 days. 

Its distance from the Sun varies from 28.5 to 
43.5 million miles. 

It always turns the same face toward the Sun, 
as does our Moon toward the Earth. 

The greatest distance it ever departs from the 
sun on either side varies approximately from 
sixteen to twenty-eight degrees. Its apparent 
motion resembles a pendulum, swinging from one 
side of the sun to the other. 

So few have ever seen Mercury that even the 
very sight of that planet in an opera glass is a 
source of satisfaction. An opera glass, because 
of its large field, is most useful in looking for 
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Mercury— Continued 


Mercury, although if its position is known it is 
easy to pick up in a telescope; use lowest power. 
In appearance it is brighter than a first magni- 
tude star, and sometimes it seems of a reddish 
hue. 


For the Telescope 


'The transits of Mercury across the sun's disk 
average thirteen in every hundred years, and 
are exceedingly interesting events to watch, even 
with a small telescope. The transits always 
occur in the months of May or November. 
November 8, 1927, was the date of the latest 
transit, and the next wholly visible in the 
United States will occur November 14, 1953. 

Aside from the satisfaction of seeing Mercury, 
a pleasure that was denied to Copernicus even, 
there is little to interest the amateur telescopist 
save to note the phases that the planet assumes, 
which are similar to those of the moon. The 
crescent Mercury gleaming in the waning light 
of the dying day, and seen for the first time is a 
sight never to be forgotten. 
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Venus 


Venus approaches nearer to the earth and is 
more brilliant than any other planet. It is 
bright enough to cast a shadow at night, and is 
sometimes visible even at noonday. It is almost 
as large as the earth, and oscillates, as Mercury 
does, to either side of the sun. 

It never appears more than three hours after 
sunset, and as long before the sunrise, and is 
never more than forty-eight degrees from the sun. 

Its distance from the Earth varies from be- 
tween about 25 million miles when nearest to 
about 160 million when on the opposite side of 
the Sun. This causes an apparent variation 
in size. 

Venus exhibits phases like the Moon, but is at 
its brightest to us when in the crescent phase, 
since it is then so much nearer than when it is 
Е 

Venus revolves about the Sun in 244.7 days. 

Some astronomers, perhaps most, believe that, 
like Mercury, Venus always presents the same 
face to the Sun; others that it rotates in a time 
somewhat shorter than our day. 

Venus has a dense atmosphere of very high 
reflective power, which makes the study of sur- 
face detail practically impossible. 

Venus has no visible satellite. 

Like Mercury, this planet also transits the 
disk of the Sun, but the occasions are rare, 
occurring about twice a century. The last one 
was in 1882; the next will be in 2004. 
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Venus— Continued 


For the Telescope 


Venus, so beautiful to the unaided eye, is also 
a telescopic disappointment, for. aside from its 
phases, which are always a source of interest to 
observe, there are no surface features within the 
range of our optical power. 

The planet is best viewed in the twilight or 
just before the dawn, when the faint light of day 
serves to deprive the radiant orb of a portion of 
its brilliancy. Seen under these conditions the 
crescent Venus is one of the most beautiful 
objects in the heavens. Of course if the tele- 
scope is equatorially mounted, both Venus and 
Mercury can be seen in broad daylight. 


o »» 


Showing the phases of Venus and the comparative 
apparent changes in size. 


These phases were first observed by Galileo, in 1610. 
That the priority of his discovery might not be questioned, 
he announced in an anagram: 

"Haec immatura а me jam frustra leguntur, o. y." 
which is bad Latin for, “These matters still immature, 
and as yet (studied) in vain, are read by me." Four 
months later, he published the key to the anagram: 

“Суп figuras emulatur Mater Amorum," which is, 
“ (Venus) the Mother of the Loves imitates the (changing) 
figures of Cynthia (the Moon).”’ 
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Mars 


Mars, the most talked of planet, is in physical 
condition more like the Earth than any of the 
others, although it is only about one-half the 
diameter of the Earth and about one-seventh of 
its volume. It has an atmosphere, though one 
less dense than ours; its seasonal changes are 
similar to ours, but about twice as long, and its 
surface, except for water areas like our oceans 
and seas of which it has none, seems fairly com- 
parable to that of the Earth. Mars is more 
than half again as far from the Sun as is the 
Earth—141,500,000 miles. It rotates in about 
2415 hours and revolves about the Sun in 686.9 
days. The relation between the Martian year 
and ours is such that the Earth passes between 
the Sun and the planet only once every two 
years. It is at these times that the planet is 
nearest to us, and once every fifteen years, when 
Mars is closest to the Sun, these approaches 
lessen the distance between us to about 35 million 
miles. 

Mars has two moons (Deimos and Phobos) 
which were discovered in 1877. They are both 
very small bodies, the largest estimates of their 
sizes being 35 and 10 miles respectively. The 
motion of the inner satellite is unique. It re- 
volves about the planet in about 714 hours. 
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Mars—Continued 


Viewed from Mars it would rise in the West and 
set in the East three times a day! It is the only 
satellite that revolves faster than its primary 
rotates. 

It is interesting to note that Swift, in Gulliver’s 
Travels, described Mars with two small moons; 
he even closely approximated their strange peri- 
ods, much to the amusement of astronomers for 
years, until the discovery of the actual satellites 
left the scientific world amazed at the accuracy 
of these wild guesses. 

The much discussed question of life on Mars 
cannot be taken up here more than to say that 
modern research offers no proof that there is not, 
nor any reason why there should not be life of 
some sort upon the surface of this smaller but 
“older” brother of the Earth. It has an atmos- 
phere which contains the water vapor indis- 
pensable to life as we know it, and its tempera- 
ture, while lower than the Earth's, is not too 
cold. It may be said in passing that the ' canals" 
have never been considered canals even by the 
most noted of the observers of Mars, Dr. Per- 
cival Lowell, who believed these lines seen upon 
the surface of the planet to be bands of vegeta- 
tion, many miles wide, flanking the conduits of 
a great irrigation system which bring to the 
arid plains of the planet the water from the 
polar caps melting in the summer sun. 

To give an idea of the difficulty of ascertaining 
observational facts respecting the planet, it may 
be noted that we can see with the naked eye 
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Mars—Continued 


about as much detail on the surface of the Moon, 
as telescopic observations of Mars reveal. 

The surface of Mars is actually of a reddish- 
ochre color, and the planet appears to the naked 
eye as a bright red star. When at a favorable 
opposition to the earth it rivals Jupiter in 
splendor. 

The planet may be mistaken for the first 
magnitude stars, Antares in Scorpius, and Alde- 
baran in Taurus, near which it frequently passes. 

The fixed stars, however, twinkle, while Mars 
glows steadily. If there is any doubt in the 
student’s mind as to the identity of the planet, 
a few nights of observation, noting the changes 
in the planet’s position, will decide the point. 

As a rule, it takes Mars about fifty-seven days 
to pass over one constellation in the Zodiac, 
but at times its apparent movements are peculiar. 
It seems to stop, to retrace its steps for awhile, 
to stop again, and then to move once more for- 
ward in its proper west to east path. As we 
see it, it describes upon the celestial sphere an 
elongated loop as shown in the diagram. 
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This “retrograde” motion occurs only shortly 
before, during, and after an opposition, the time 
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Mars—Continued 


when the Earth is between the Sun and Mars, 
and the planet rises at sunset. It is the effect 
of the Earth moving faster than Mars, and is 
similar to that experienced by a passenger in a 
train passing a slower one—the latter train 
appears to go backward. 


For the Telescope 


Because of its comparatively near approaches, 
and the clear visibility of its surface, Mars must 
ever be the most interesting planet for the 
observer, although the small glass reveals but 
little. The crescent phase never appears in 
planets which revolve outside the earth’s orbit, 
but at times Mars appears gibbous like the moon, 
when it is three or four days from full. 

At favorable oppositions, which occur once in 
fifteen or seventeen years, the more conspicuous 
dark markings, the ‘‘Hour Glass” or Kaiser Sea, 
and the polar snow caps, can be seen with a 
3-inch glass. The so-called canals, concerning 
which there has been so much controversy, can 
only be seen with the largest telescopes. 

A power of 200 is recommended. 
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THE ASTEROIDS 


(or Planetoids) 


These are a multitude of very small planets, 
revolving about the Sun between the orbits of 
Mars and Jupiter. 

Their diameters range from. probably a few 
yards, or less, up to about 500 miles. 

Their distances from the Sun differ greatly— 
from about 135 million to over 400 million miles. 

The largest four are, in the order of their 
discovery : 


Ceres (1) Diameter about 480 miles 


Pallas (2) Ў ОСИ 
Јапо (3) [11 “ 120 [11 
Vesta (4) р “= QUEE 


(the brightest) 


They revolve about the Sun in periods ranging 
from 687 days to about 9 years. 

They form, in fact, a diffuse band or ring, com- 
parable, except in size, in numbers and the den- 
sity of the swarm, to the rings of the planet 
Saturn, later described. 

Only one, Vesta, can be seen with the naked 
eye as a barely visible speck of light; and this 
only under the most favorable conditions. 
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The steroids Continued 


Many can be seen with a small telescope, and 
observers doing Variable Star work, where they 
are equipped with detail charts of small sections 
of the skies, often find upon these charts in- 
truders not indicated. Such a stranger will 
almost certainly prove to be an asteroid. A few 
nights observation at the most will show a 
change of position, and an inquiry to Harvard 
College Observatory, giving as accurately as 
possible the observed position, will bring a reply 
identifying the asteroid. 

The discovery of the asteroids was not a 
chance one. In 1772, an astronomer named 
Bode noted a certain regular ''progression" in 
the distances of the planets from the Sun, and 
formulated Bode's "Law." ‘Take the series of 
numbers 0, 3, 6, 12, 24, 48, 96, each number, 
except the second, being double the preceding 
one. Now add 4 to each number, and the series 
becomes 4, 7, 10, 16, 28, 52, 100. With the ex- 
ception of the fifth (28), these numbers are 
closely proportional to the distances of the plan- 
ets from the Sun: Mercury 3.9; Venus 72; 
Шаби о Мате 15.2; ...... 28; Jupiter 52.9; 
Saturn 95.4. When in 1781, Herschel discovered 
the planet Uranus, and this was found to be at 
the distance appromixating the next number in 
the series, 196, the astronomical world decided 
to search for the planet that should fill the gap 
in the sequence. After a painstaking hunt, 
Piazzi, an Italian, located on the first night of 
the new century the asteroid later named Ceres. 
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The Asteroids—Continued 


The other three noted above were discovered 
within the succeeding three years, and then no 
more until 1845. Since that date, the known 
number has increased rapidly, photography 
lending most efficient aid, until now more than 
one thousand are named and numbered. 

It may be said (һас, while the discovery of the 
planet Neptune at a distance not in accord with 
Bode’s Law proved this to be not a Law, there 
is little doubt that the sizes of the planets and 
the positions of their orbits were determined by 
inter-gravitational forces, and that the aster- 
oids lie in a field in which the huge Jupiter refused 
to allow another planet of any size to form. 

One of the little bodies, Eros, is of particular 
interest and value. This ‘‘worldlet”’ approaches 
the Earth at times nearer than any other celes- 
tial body except the Moon, meteors, and a rare 
comet. Its least distance from us is 13,500,000 
miles. The value of these close approaches lies 
in the aid given to us in determining with greater 
accuracy the distance of the Earth from the Sun. 

The light of Eros is variable, and the recent near ap- 
proach of January 1931 allowed astronomers to confirm 
the suspicion of some years, namely that this asteroid is 
irregular in shape. 

The conclusion, as given out by the Harvard College 
Observatory, is that it is elongated, being about twenty 
to twenty-five miles long and about eight miles thick, and 
that it is rolling end over end along its orbit. The period 
of this end over end motion is about 5 hours and 16 
minutes during which four variations of light occur: two 
brighter as the sides of this asteroid are seen by us; two 
fainter as the ends are pointed in our direction. 
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JUPITER 


Far beyond the orbit of Mars, and outside the 
ring of tiny asteroids, ' the mighty planet Jupiter 
and his moons sweep splendid round the Sun." 
This giant among the planets, not only more 
than ten times in diameter, and 1300 times in 
bulk, the size of the Earth, but larger than all 
the other planets put together, is easily dis- 
tinguished from the stars because of its bril- 
liancy, exceeding in brightness all except Venus, 
and at times casting a perceptible shadow. 

It moves slowly and majestically in its orbit, 
483 millions of miles from the Sun, advancing 
through the twelve divisions of the Zodiac at the 
rate of one constellation yearly, and completing 
its revolution about the Sun in almost twelve 
years. It is, therefore, a simple matter to fore- 
cast its position, for, in whatever constellation 
itis seen now, it will, one year hence, be equally 
placed in the next figure of the Zodiac. Of 
course, this apparent slowness of motion is only 
due to distance, as Jupiter's real speed in its 
orbit is 8 miles per second. 

A remarkable feature of this great body is its 
rapid rotation—9 hours and 55 minutes—giving 
it the shortest “day” of any of the planets. 
This speed requires that a point on the equator 
travel over 27,000 miles an hour. The result of 
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Jupiter—Continued 


this terrific rotation, and the fact that the planet 
is but one and one-third times denser than 
water, is an obvious flattening at the poles and 
a corresponding bulge at the equator. The 
difference between the polar and the equatorial 
diameters of Jupiter is about 8,000 miles. In a 
telescope the oval shape of the planet is imme- 
diately evident. 

Jupiter has nine satellites, only four of which 
can be seen except in the great telescopes. A 
good field glass will often show these four as 
tiny specks of light flanking the planet, and 
there have been partially substantiated cases of 
their being seen with the naked eye. 

'The details concerning all the moons are given 
in the tables in the appendix. It may be said 
here, however, that the four principal ones are 
as large as, or larger than, our Moon, and that 
the 8th and 9th moons, tiny bodies far distant 
from the parent planet, revolve in an opposite 
direction to all the others. 'The outermost moon 
of Saturn also has this retrograde motion, the 
explanation for which is still not known. 

Historically, these moons have twice proved 
of great interest. They are the first celestial 
bodies discovered by Galileo with the first tele- 
scope; and through observations of their eclipses 
it was first indicated that light required time 
to travel. 
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For the Telescope 


A power of 130 or thereabouts should be used. 
There is no difficulty in seeing the two principal 
belts, and the elliptical shape of the planet will 
be at once noted. It is even possible, when the 
atmospheric conditions are favorable, to see the 
different colors of the belts that cross the planet 
parallel to its equator. 

The rapid rotation is clearly perceptible to the 
observer with a telescope on account of the 
diversified markings and colors of the moving 
disk, and to watch it is one of the greatest 
pleasures that the telescope affords. 

The observation of the satellites of Jupiter 
will probably interest the amateur to a greater 
degree even than the view of the belts. 

The four satellites, visible in our telescope, are 
named Io, Europa, Ganymede, and Callisto, 
beginning with the innermost, but they are gen- 
erally referred to as I, II, III, and IV respec- 
tively. 

So rapid are the changes in the positions of 
the satellites that the changes can be detected in 
a few hours of observation, and the amateur 
has a chance to verify the predictions as regards 
their respective positions in the ephemeris. 
Sometimes the four moons will appear on one 
side of the planet, and again two will appear on 
this side, and this ever-changing scene, that is 
quite unique and different from anything else 


(Continued on page 306.) 
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Explanation of the Phenomena of Jupiter’s 
Satellites 


Let us suppose that Fig. 1 represents the view 
of Jupiter and his moons in the telescope using 
the celestial eyepiece; 

To understand fully the real state of affairs 
let us consult Fig. 2. The observer is supposed 
to be at the point on the earth’s orbit marked 
"A." As the plane of the orbits of Jupiter’s 
moons is presented edgewise towards the earth, 
each moon appears to have the motion of a 
pendulum moving forward and back nearly in a 
straight line. At this precise time of our observa- 
tion, I is between us and the planet, and in 
transit. Ав it is a bright object on a bright 
background it *s practically invisible in our glass. 
Its shadow has not quite approached the point 
of ingress. 

II is just to the right of the planet (the tele- 
scope reversing the true state of affairs) and is 
about to be occulted by the planet. It will be 
seen at once that on its reappearance from occul- 
tation it is immediately eclipsed, so that we 
have it disappear in occultation, and reappear 
from eclipse. 

III is also at the right of the planet and 
actually at III but is visually projected to III.’ 
Its shadow is in transit and the black dot of 
its shadow should be seen on the planet. 

IV is to the left of the planet and about to be 
eclipsed. 
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Jupiter— Continued 


that human eyes behold, has a fascination about 
it that is peculiarly its own. 

The sight of the eclipses, occultations, and 
transits of the satellites, and the transits of their 
shadows, is of unbounded interest. The view of 
transits of the moons is difficult for all save good 
instruments, but the shadows in transit are sur- 
prisingly distinct when the air is steady. The 
eclipses are accompanied by the phenomena of 
sudden disappearance and reappearance, and are 
of all the phenomena of the satellites most inter- 
esting to observe. 

The Nautical Almanac contains full informa- 
tion regarding the phenomena of Jupiter’s 
satellites. It may be obtained of the Superin- 
tendent of Documents, Washington, D. C. 


THE LARGER SATELLITES OF JUPITER 


10 EUROPA GANYMEDE | CALLISTO 
I II ПІ IV 
Time of 556, r8h., ad. аз, маз 16d., 18h., 
revolution 27m. I7m. 59m. 5m. 
Diameter 2450 2050 3560 3350 
Mean dis- 
tance from 261,800 416,600 664,000 1,168,000 
planet 
Character- Rapid fee Greatest 
istics i ап bit 
> Moven brightest 2 
Colors Straw White Rosy Steel 
color orange gray 
Stellar 6. 
magnitude SES 5.7 pH 5 
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SATURN 


Until 1781, Saturn marked the boundary of 
the Sun’s planetary system. It is easily dis- 
tinguished from a star by the steadiness of its 
light, which is of a dull yellow hue, although to 
some it appears to have a slight greenish tinge 
like thinly beaten gold. 

It swings slowly around its great orbit, 886 
million miles from the Sun, taking about 29% 
years to complete one revolution, and 2% years 
to pass over one constellation of the Zodiac. 

Like Jupiter this planet is a huge body, the 
diameter being about 72,000 miles, and also like 
the greatest of the planets Saturn’s rotation is 
very rapid, 10 hours and 14 minutes. As the 
density of Saturn is small, /ess than that of water, 
this high speed of rotation produces a polar flat- 
tening even more marked than in the case of 
Jupiter. 

Saturn is amply provided with moons, having 
ten of them. The largest one is about the size 
of the planet Mercury, and can, under very 
favorable conditions, be seen with a good 
field glass. 

'The celebrated, and unique, rings are the out- 
standing features of Saturn. These rings are 
not solid masses, as they appear, and as they 
were believed to be for a long time after their 
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discovery, but are swarms of countless tiny 
"moonlets'" so, close together that they are 
individually indistinguishable. They, of course, 
shine by reflected sunlight only as do the larger 
satellites. 

The tables given below and in the appendix 
present the statistics of the moons and the rings. 


For the Telescope 


Saturn ranks next to Jupiter in offering attrac- 
tive and easy observational features. 

Under favorable conditions we can see the 
belts on the surface of the planet with our glass. 
The observer will at once perceive the elliptical 
appearance of the planet, as with Jupiter. 

The rings are clearly visible and present a 
marvellous sight. With a high power, it will be 
seen that the seemingly solid band of light is 
divided into two rings. The dark line separating 
these is called, after its discoverer, Cassini’s divi- 
sion. A division in the outer ring, Encke’s 
division, and the third inner ring, called the 
“‘сгере’ ring because of its apparent texture, are 
visible only in the great telescopes. 

From a combination of circumstances, Saturn 
alternately exhibits each side to the earth, and 
the rings appear to increase and decrease in 
breadth. This phenomenon is gone through in 
a little less than fifteen years for each side of 
the rings. In 1907, because of the edge presenta- 
tion of the rings, they were invisible in a small 
telescope. In a large telescope the rings at such 
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December 23, 1012. Мое the dark cap, the belis* the 


divisions in the rings, and the oval form of 
the planet 
From photographs by E. C. Slipher, taken at the Lawell 


Observatory 
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a time resemble “a pair of illuminated needles 
stuck into the ball of the planet on opposite 
sides.” This is also the appearance in 1936. 


254 1036 Ja 1950 
е 1938 «СУ 1051 
2s 1041 ES 1953 
«С», 1042 АФ?) 1955 
«СӨ 1943 «СО» 59У 
«CS 94 G 1959 
«P 1946 SS 1961 
A 1948 TD 1963 
fe 1950 Q 1965 


Approximate Positions of Saturn’s Rings 


The rings were first seen by Galileo, in 1610, 
but, as they were not favorably placed, his glass 
was not powerful enough to show them clearly. 
As they were approaching their edge presentation, 
they soon disappeared from sight, and Galileo 
died believing them to have been illusionary. It 
was not until 1855 that Huyghens, a Dutch 
astronomer, determined that they were rings. 
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The largest moons, Titan (in appearance like 
an eighth magnitude star) and Japetus, can be 
readily seen, and under good seeing conditions, 
Rhea, Tethys, and Dione, moons still nearer to 
the planet, can be glimpsed, but the compara- 
tively sluggish movements of these attendants 
of Saturn render them uninteresting as compared 
with those of Jupiter. To see Tethys and Dione 
the planet should be screened from view. 


SATURN’S MOONS VISIBLE IN A SMALL TELESCOPE 


Name Mean Distance from Period of Revolution Diameter 
Planet in Miles Da. Hrs. Min. in Miles 
Titan 771,000 15 22 41 2625 
Iapetus 2,225,000 79 7 56 їт25 (2) 
Diameter in Miles Breadth in Miles 
Outer Ring 172,400 10,000 
Cassini Division 2% 2,300 
Second Ring 146,000 18,000 
Crepe Ring 100,000 (?) 11,000 (?) 


Thickness of rings is estimated to be 100 miles. 

Width of whole ring system is 42,741 miles. 

There is a distance of 5900 miles between the inner 
edge of the rings and the planet’s equator. 

A graphic idea of the width of the rings can be obtained 
by imagining the Earth rolling like a marble around the 
outer and crepe rings, and two Earths, side by side, on 
the second ring, 
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URANUS 


Uranus is the fourth from largest of the plan- 
ets, and is the seventh in order from the Sun, 
about which it revolves at a distance of 1,800 
million miles—19 times as far away as the Earth. 

Because of its distance it is difficult to measure 
the exact diameter which is somewhere between 
28,500 and 35,000 miles. We do know that its 
mass is 14% times that of the Earth, and that 
it is just heavier than water. 

It takes about 84 years to complete a revolu- 
tion round the Stn, but its time of rotation— 
its day—is not defnitely known. (See page 402.) 

Uranus is accompanied by four moons, the 
descriptions of which are in the appendix tables. 

Uranus was the first planet ever disccvered. 
All the others have been known since history 
began. It was found accidentally by Sir William 
Herschel, in 1781, while "sweeping" the heavens 
for what he might find with a telescope of his 
own manufacture. At first, though seeing im- 
mediately that it was not a star, its true nature 
did not occur to him; no one had ever thought 
of a new planet. For some time it was studied 
as a comet, and it was not until almost a year 
later that it was properly classified. 

At its nearest approach to the Earth, it shines 


as a faint "star" (about sixth magnitude) of 
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slightly greenish tint, and under the most favor- 
able conditions is just visible to good eyes. 


For the Telescope 


Uranus is too distant to offer any features of 
interest to the observer with a small glass, al- 
though it can be picked up easily with a field 
glass and seen very well with a three-inch tele- 
scope. 

It will be recognized in a telescope at once be- 
cause of the absence of the diffraction ring which 
always encircles the star image in a good tele- 
scope. The disk of Uranus appears pale and 
diffused, that of a star is sharp and brilliant. 
The Nautical Almanac is indispensable in loca- 
ting it. 


Note: Time of Rotation 


It has recently been determined that the 
rotation time of Uranusisabout 11 hours. Differ- 
ent spectroscopic measurements give results of 
from 1034 hours to 11% hours. It rotates from 
East to West, turning therefore in a direction 
directly opposite to the rotations of all the other 
planets. 
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NEPTUNE 


Neptune patrols, at the vast distance of 2,800 
million miles, what, until January, 1930, was 
supposed to be the frontiers of the solar system. 
It is probably somewhat smaller than Uranus, 
but of a slightly higher density. The two planets 
are comparatively similar, as are Venus and the 
Earth. 

The rotation time, determined spectroscopi- 
cally, is about 16 hours, and its slow orbital speed, 
316 miles per second, requires 164 of our years to 
carry it through one revolution about the Sun. 
Neptune takes nearly fourteen years, therefore, 
to traverse each zodiacal constellation. 

It has one moon, visible only in large tele- 
scopes, which was discovered within a month of 
the planet itself. 

Neptune is never seen with the naked eye, 
and in a three-inch telescope resembles an 
eighth magnitude star. An exact knowledge of 
its position (obtainable from the Nautical 
Almanac) is indispensable in identifying it. 

Neptune receives from the Sun only a wretch- | 
edly small proportionate share of light and heat, 
about 1/1000 of that which illuminates and 
warms the Earth. Unless, therefore, the planet 
is intrinsically warm, the surface temperature 
must be cold beyond description. Do not think, 
however, that there is no real daylight on 
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Neptune. The Sun, though appearing so small 
as not to be seen as a real disk by the naked 
eye, nevertheless gives as much light. to the 
planet as about 700 of our full moons. “Аз 
seen from Neptune, the Sun would look like a 
brilliant arc-lamp at a distance of a few yards.” 

The discovery of Neptune, in 1846, marked 
the great triumph of mathematical astronomy. 
Uranus had failed to move in its orbit precisely 
as predicted, and astronomers were at a loss 
to explain the fault. The difference between 
the predicted and the actual positions was ex- 
tremely slight from a naked eye view-point, but 
that there was a difference showed that some- 
thing was wrong. Two men, Adams of England, 
and Leverrier of France, independently took up 
the solution of the problem, and not only each 
arrived at the conclusion that a planet exterior 
to Uranus was causing the perturbations of the 
latter, but each computed with amazing accuracy 
the position of this hypothetical body. Leverrier 
sent his calculations to Galle, in Berlin, who 
had just finished mapping the stars in the region 
where the mathematician’s results placed the 
new planet. It took but the shortest time for 
the astronomer to find Neptune, within less than 
a degree (twice the width of a full Moon) of 
the predicted spot. 

For many years Adams was not given due 
credit for his marvellous labor, since, though 
his calculations were completed months before 
those of Leverrier, the Astronomer Royal of 
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England, to whom Adams sent his figures, was 
too methodical a man to take up the search for 
this supposed planet until it was too late to be 
the first. Now, of course, the scientific world 
agrees that the two men fairly share the great 
honor. 


OTHER PLANETS 


For some time, there was believed to be a 
planet revolving about the Sun within the orbit 
of Mercury. Several actual observations of it 
were reported, and it was even given a name, 
Vulcan. Its existence has now, however, been 
absolutely disproved. 

Also, far beyond Neptune, another planet 
(possibly two) is supposed to creep in its slow 
path. A systematic search for this has extended 
over many years, but has as yet been unsuc- 
cessful. If such a planet does exist, as seems 
not unlikely, it must be at a vast distance, and 
visually be very faint. If found, it will unques- 
tionably be the photographic plate that first 
"sees" it, and records its lazy motion across 
the skies. 

The above paragraph is left unchanged be- 
cause of a certain small and perhaps pardonable 
pride on the part of the authors. The late: 
identification of Pluto (Planet X), as set forth in 
the following pages, proves the soundness of the 
"probabilities." 
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PLUTO 
The Trans-Neptunian Planet 


Since the first publication of this book, there 
has occurred an astronomical event of outstand- 
ing importance—the discovery of another planet 
of the Sun swinging slowly in its mighty orbit 
some thirteen hundred millions of miles beyond 
the distant Neptune, which since 1846 had 
marked the known outpost of the solar system— 
and although, notable as it is, this might, at 
first thought, seem but just another astronomical 
discovery, further consideration will show it to 
be unique. 

When Galileo turned his “optick tube" upon 
Jupiter, his discovery of four of the moons of 
that great planet made for vital changes in man’s 
philosophy and religion—and yet the discovery 
was entirely fortuitous. Herschel pushed out- 
ward the boundaries of the solar system by find- 
ing Uranus, but this was quite by chance as he 
swept the skies with his glass. These were, as 
were also Galileo’s discovery of the phases of 
Venus, Riccioli’s finding the first telescopic 
double star, Hall’s first glimpse of the moons of 
Mars, etc., purely observational, and accidental 
discoveries. 

In contrast, the search for the “missing 
planet” between the orbits of Mars and Jupiter, 
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resulting in the finding of Ceres (and, since, of 
over a thousand asteroids), was not started by 
chance but by deduction. (See p.369.) This, 
that is, first believing an object to exist and then 
looking for it, marked a definite step forward in 
astronomical methods. And then came a mighty 
stride, when Adams and Leverrier, sitting at 
their desks, reached out to touch the heavens 
and say: “There you will find a planet!’ (See 
p. 404.) Неге we have triumphs of the mind and 
mathematics rather than merely rewards of good 
fortune and careful observation. 

How, then, does the discovery of the new 
planet stand as unique? 

In this: that for the first time the most 
astounding mathematical calculations and the 
most advanced methods of observational Astron- 
omy were both absolutely necessary; neither one 
alone would have served. 

With the advent of astronomical photography, 
it became nearly impossible for any iniportant 
member of the solar system to hide itself from 
the unresting eye of the telescope and its record- 
ing retina, the sensitized plate. Considering 
with what comparative promptness the fainter 
satellites of Saturn and Jupiter were picked up, 
and that the very great majority of the asteroids 
were first “seen” on the photographic plate, there 
is little doubt that even without the masterly 
mathematics of Adams and Leverrier, Neptune 
would have long since betrayed himself by his 
motion. So, without meaning in any way to 
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detract from the full credit justly due the English 
and French mathematicians, it becomes evident 
that their work was not entirely necessary to the 
discovery of Neptune; it merely hastened it. 

Tn the case of Pluto, however, it is a practical 
certainty that had not a magnificent series of 
calculations pointed out the approximate place 
to look, an almost impossible search would have 
been required; and had not the most excellent 
photographic means been available to note and 
to record the positions of thousands of faint 
stars, each beyond the vision of all but large 
telescopes, the chances against recognizing the 
planet, even when seen, were too vast to allow of 
Success. 

To the late Dr. Percival Lowell goes the glory 
for the astounding calculations.. How much 
more difficult they were than those of the dis- 
coverers of Neptune can be fully grasped only 
by a master of celestial mechanics. It is suff- 
cient to point out that Dr. Lowell was working 
with indefinite and microscopic data. One noted 
scientist, Dr. J. Jackson, wrote after the an- 
nouncement of the discovery: “Tt is true that the 
problem as regards its general form is a repetition 
of that solved by Leverrier, Adams, and Galle 
more than eighty years ago; but its practical 
difficulty is of quite a different order of magni- 
tude. In short, this discovery, if it turns out to 
be actual  Lowell's predicted planet, was 
extremely difficult—while Neptune was in fact 
crying out to be found." The credit for the 
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triumph of the search must, however, be divided 
among the hundreds who have contributed their 
bits to the advancement of astronomical photo- 
graphy, though the major part is of course due 
the devoted staff of the Lowell Observatory, who 
have so ably brought to a conclusion the labor 
of a generation. . 


Ever since the discovery of Neptune, astrono- 
mers have been on the lookout for a trans- 
Neptunian planet. 

Some twenty-five or more years ago Dr. 
Lowell became interested in the problem. 

Together with several other noted astrono- 
mers, notably Profs. Camille Flammarion, George 
Forbes and W. H. Pickering, he was inclined to 
consider the orbits of certain comets as evidence 
of the existence of опе or’ more outer planets. 
This theory he presented in a small volume The 
Solar System, published in 1903. 

In 1913 and 1914, the authors were privileged 
to have several interesting conversations with 
him, and in one of these talks this problem came 
up. In fact, because of a remark made by the 
doctor, we asked whether he was not devoting a 
considerable amount of time to it. Rather reluc- 
tantly, it appeared, he admitted that he was, 
and when asked (with the unconscious imperti- 
nence of interest on our part) whether he was 
getting at any results, replied: "Mr. Putnam, 
this is not for publication, but I am reaching a 
point where I begin to believe that I am." 
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In 1915, he published his Memoir on a Trans- 
Neptunian Planet, in which he presented his 
calculations. 


On March 12th, 1930, the Lowell Observatory 
sent to the Harvard Observatory for distribution 
*the following message: 

“Systematic search begun years ago supple- 
menting Lowell’s investigations for Trans-Nep- 
tunian planet has revealed object which since 
seven weeks has in rate of motion and path con- 
sistently conformed to Trans-Neptunian body 
at approximate distance he assigned. Fifteenth 
magnitude. Position March twelve days three 
hours GMT was seven seconds of time West from 
Delta Geminorum, agreeing with Lowell’s pre- 
dicted longitude." 


(For ease of finding object was referred to Delta 
Geminorum. Position March 12.14°G. M. T. 
R. A. 7h. 15m. 505. Dec. 22° 6’ 49".) 


And on March 13th issued the following state- 
ment: 


“The finding of this object was a direct result 
of the search program set going in 1905 by Dr. 
Lowell in connection with his theoretical work 
on the dynamical evidence of a planet beyond 
Neptune. (See L. О. Memoirs, Vol. I, No. 1, 
‘A Trans-Neptunian Planet,’ 1914.) The earlier 
searching work, laborious and uncertain because 
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of the less efficient instrumental means, could be 
resumed much more effectively early last year 
with the very efficient new Lawrence Lowell 
telescope specially designed for. this particular 
problem. Some weeks ago, on plates he made 
with this instrument, Mr. C. W. Tombaugh, 
assistant on the staff, using the Blink Compar- 
ator, found a very exceptional object, which 
since has been studied carefully. It has been 
photographed regularly by Astronomer Lamp- 
land with the 42-inch reflector, and also observed 
visually by Astronomer E. C. Slipher and the 
writer with the large refractor. 

“The new object was first recorded on the 
search plates of January 215% (1930), 23rd, and 
29th, and since February 19th it has been followed 
closely. Besides the numerous plates of it with 
the new photographic telescope, the object has 
been recorded on more than a score of plates with 
the large reflector, by Lampland, who is measur- 
ing both series of plates for positions of the ob- 
ject. Its rate of motion he has measured for the 
available material at intervals between obser- 
vations with results that appear to place the 
object outside Neptune's orbit at an indicated 
distance of about 40 to 43 astronomical units. 
During the period of more than 7 weeks the 
object has remained close to the ecliptic; the 
while it has passed from 12 days aiter opposition 
point to within about 20 days of its stationary 
point. Its rate of retrogression, March 10 to 11, 
was about 30" per day. In its apparent path 
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and in its rate of motion it conforms closely to 
the expected behavior of a Trans-Neptunian 
body, at about Lowell’s predicted distance. 
There has not been opportunity yet to complete 
measurements and accurate reductions of posi- 
tions of the object requisite for use in the com- 
putation of the orbit, but it is realized that the 
orbital elements are much to be desired and this 
important. work is in hand. 

“In brightness the object is only about 15th 
magnitude. Examination of it in the large re- 
fractor—but without very good seeing condi- 
tions—has not revealed certain indication of a 
planetary disk. Neither in brightness nor appar- 
ent size is the object comparable with Neptune. 
Preliminary attempts at comparative color tests 
photographically with large reflector and visual- 
ly with refractor indicate it does not have the 
blue color of Neptune and Uranus, but hint 
rather that its color is yellowish, more like the 
inner planets. Such indications as we have of 
the object suggest low albedo and high density. 
Thus far our knowledge of it is based largely 
upon its observed path and its determined rates 
of motion. These with its position and distance 
appear to fit only those of an object beyond Nep- 
tune, and one apparently fulfilling Lowell's 
theoretical findings. 

“While it is thus too early to say much about 
this remarkable object and much caution and 
concern are felt—because of the necessary inter- 
pretations involved—in announcing its discovery 
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before its status is fully demonstrated; yet it has 
appeared a clear duty to science to make its 
existence known in time to permit other astro- 
nomers to observe it while in favorable position 
before it falls too low in the evening sky for 
effective observation. 

"V. M. SrrPHER." 


The astronomical world was immediately 
stimulated to intense interest. Several unwise 
mathematicians, without waiting for proper 
data, hastened to compute for this new object 
orbits that proved it could not be a planet. 
Lowell's figures were assailed (certain ''scien- 
tists" have for years seemed unable to refrain 
from dismissing scornfully any statement that 
comes from Flagstaff), his data “proved” wrong, 
and the irrepressible bad boy of Astronomy once 
again put in his place. 

However, the Lowell Observatory refused to 
"stay put," and on May Ist sent out a second 
message giving a preliminary orbit of the planet, 
and a discussion of its probable size: "the new 
body may be comparable with Mars in size and 
mass." The concluding paragraphs are: 


“This then appears to be a Trans-Neptunian, 
non-cometary, non-asteroidal body that fits 
substantially Lowell's predicted longitude, in- 
clination and distance for his Planet X. Lowell 
considered his predicted data as only approxi- 
mate, and a one to one correspondence between 
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forecast and find would not be expected by those 
familiar with the problem. As he himself said in 
his Trans-Neptunian Planet Memoir: ‘Analytics 
thought to promise the precision of a rifle and 
finds it must rely upon the promiscuity of a shot 
gun.’ This remarkable Trans-Neptunian planet- 
ary body has been found as a direct result of 
Lowell’s work, planning and convictions and 
there appears present justification for referring 
to it as his Planet X. 

“It seems time now that this body should be 
given a name of its own. Many names have 
been suggested and among them Minerva and 
Pluto have been very popular. But, as Minerva 
has long been used for one of the asteroids it is 
really not available for this object. However, 
Pluto seems very appropriate and we are propos- 
ing to the American Astronomical Society and 
to the Royal Astronomical Society, that this 
name be given it. As far as we know Pluto was 
first suggested by Miss Venetia Burney, aged 11, 
of Oxford, England. As a fitting symbol to go 
with the name we have suggested R easily 
remembered because the first two letters of the 
name and not to be confused with the symbols 
of the other planets. 

"V. M. SLIPHER." 
“ Flagstaff, Arizona 
May I, 1930." 
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Because of the slow orbital motion of the 
planet, all the observations made of it since its 
discovery could not yet be sufficient to permit a 
truly accurate calculation of its orbit. The pre- 
liminary orbit given by the Lowell astronomers 
indicated that it was a greatly elongated ellipse, 
and other astronomers believed that the ellipse 
was still more eccentric and that the planet 
would take many thousands of years to make one 
revolution about the Sun. 

The preliminary orbit, however, was of assist- 
ance in indicating the approximate positions of 
Pluto in past years, and in June, Dr. Harlow 
Shapley, Director of the Harvard Observatory, 
the clearing-house for astronomical news, an- 
nounced that the examination of photographic 
records in various observatories had disclosed a 
number of plates which recorded earlier positions 
of the planet. Notable among these are several 
taken in 1919 at Mt. Wilson, giving the astrono- 
mers there material for a much more precise 
determination of the planet’s path. ‘‘This orbit 
indicates definitely that the object belongs to 
the solar system, and is a small trans-Neptun- 
ian planet, rather than a comet," said Dr. Shap- 
ley. “Тһе new orbit satisfactorily represents all 
known observations of the planet, including a 
photograph made in Brussels in 1027.” 

The planet is too far distant to show a disk, 
so that estimates of its size must be based on its 
probable color and reflecting power (albedo), 

(Conlinued on page 405 М) 
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The Orbit of Pluto 
(See Diagram on opposite page) 


The small innermost circle represents the orbit of the 
Earth: one “astronomical unit” 93,000,000 miles in radius; 
that is, the average distance of the Earth from the Sun. 

The orbits of Mercury and Venus would, on this scale, 
be too small, and are omitted. 

The planets all revolve about the Sun from West to 
East: counter clock wise on the diagram. 

The orbits of the planets, except Pluto, lie nearly in the 
same plane, the plane of the ecliptic. 

To show the proper relation of Pluto’s orbit to this 
plane it should be rotated about the dotted line A-B 
through an angle of 17 degrees to the plane of the page. 

The intersections on the diagram of the orbits of 
Neptune and Pluto are only apparent. Actually, because 
of the inclination of the latter’s orbit to the plane of the 
ecliptic it passes above the path of Neptune. 

It will be seen that Pluto’s orbit is far more eccentric 
than those of the other planets. The centre of Pluto’s 
orbit is indicated by the cross lying just to the right of 
the orbit of Saturn. 
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The Orbit of Pluto in Relation to those of 
the other Planets 


(Adapted from a diagram prepared by Mr. F. L. Whipple) 
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The following probable facts concerning Pluto 
are taken from the most recent publication on 
that subject—Leaflet No. 30 of the Astronomical 
Society of the Pacific. 

The Orbit of Pluto, like that of all the other 
planets, is an ellipse, but is far more eccentric 
than that of any other major planet. This 
eccentricity places the Sun nearly 900 million 
miles from the center of the orbit. The cross in 
the accompanying diagram denotes this center. 

The orbital planes of all the other planets lie 
within 7 degrees of the plane of the Earth’s orbit 
(the plane of the ecliptic), and the apparent path 
of these planets through the skies is always 
through the twelve zodiacal constellations, a 
path about 12 degrees wide. The orbital plane 
of Pluto is, however, inclined fully 17 degrees to 
the plane of the ecliptic, and its path therefore 
lies largely outside of the zodiac, although at 
present it is in the zodiacal constellation Gemini. 

While the diagram shows an apparent inter- 
section between the orbits of Pluto and Neptune 
this does not exist—there is no chance of a col- 
lision between them. The inclination of Pluto’s 
orbit makes this planet pass above the path of 
Neptune at the points of apparent intersection. 

The MEAN DisTANCE from the Sun is nearly 
40 astronomical units (the distance of the Earth 
from the Sun: 93,000,000 miles) and is therefore 
about 3,700,000,000 miles. Because of the eccen- 
tricity of the orbit its distance varies about 


405 M 


THE PLANETS 


Ро бета! 


1,800,000,000 miles, the minimum distance being 
about 2,800,000,000 miles, a trifle less than that 
of Neptune, and the maximum approximately 
4,600,000,000. 

ORBITAL SPEED AND YEAR. In accordance 
with the laws of motion, Pluto, being at such a 
vast distance from the Sun, moves slowly in its 
orbit at a speed somewhat less than three miles 
per second and requires nearly 252 of our years 
to complete one revolution. This orbital speed 
results in a movement across the celestial sphere 
of not quite three times the angular diameter of 
the Moon during each of our years. Pluto is now 
approaching the perihelion point in its orbit— 
that point nearest the sun—and will reach this 
in 1989. 

STELLAR MAGNITUDE. Pluto now shines as a 
faint point of light of about the 15th stellar 
magnitude: that is, it is only about one sixteen- 
hundredths as bright as the faintest star com- 
fortably visible to the naked eye оп a clear, 
moonless night. А telescope at least ten inches 
in aperture is required to make the planet barely 
visible. 

In COLOR it seems to be yellowish. 

SizE. In view of its intrinsic faintness, Pluto 
is almost certainly much smaller than any of the 
four giant planets, and is possibly as small as 
Mercury (3,100 miles in diameter) and probably 
no larger than Mars (4,200). 
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Mass AND Density. Probably comparable 
to those of Mercury or Mars. It seems almost 
sure that it is a dense body like the four inner 
planets. 

TEMPERATURE. Because of its distance from 
the Sun, the surface temperature of Pluto can 
hardly be much higher than 380 degrees below 
zero, Fahrenheit—only some 80 degrees above 
the absolute zero of the physicist. This means 
that on Pluto even air such as we breathe would 
be frozen solid, and life as we know it could have 
no existence. 

RorATION. It is doubtful that this can be 
ascertained. 


Are there other planets beyond Neptune or 
even beyond Pluto? It is not improbable, and 
some astronomers deduce even a probability. 
The Sun's gravitational sphere of control extends 
an enormous distance and a body far beyond the 
orbit of Pluto would still be within its sway. 

The distinct divisions of the solar family into 
the terrestrial planets—small and dense—the 
minor planets or asteroids, and the giant planets 
—huge and light—suggest the possibility that 
Pluto may be the first discovered member of a 
further group. 
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Approximate average position 
of Pluto during 1930 


Pluto in the Constellation Gemini 
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Comets are defined as celestial bodies which 
move about the sun in greatly elongated orbits, 
usually elliptical, sometimes, perhaps, parabolic 
or hyperbolic. The word “Comet” is derived 
from the Greek хжортттус, meaning long-haired, 
which is descriptive of a comet’s streaming tail. 

Comets usually appear suddenly in the sky, 
change their form and brightness nightly as they 
near the sun, and then disappear from view, 
to return, if their orbits are elliptical, years hence. 

In appearance, they are hazy starlike-looking 
objects that frequently, but not always, develop 
a luminous appendage. 

This always points away from the sun, and its 
length varies from two to ninety degrees. 

Comets are composed of three parts: the 
nucleus, the coma, and the tail. The nucleus 
is the most condensed part of the comet’s head. 
It is surrounded by a nebulous light giving the 
nucleus a hazy and misty appearance, which is 
called the coma. The tail is the train of tenuous 
gaseous matter, the chief glory of the comet, 
which may, or may not be present. 

In the case of faint telescopic comets, the coma 
is all that is observed, and no evidence of a 
nucleus or tail can be seen. It is merely a hazy 
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patch of light in the sky; resembling a faint 
nebula. These comets are known as ‘‘telescopic 
comets.” 

For a long time, it was thought that the major- 
ity of comets moved in parabolic orbits. Heve- 
lius, in 1675, was the first to suggest that the 
orbits of comets might be parabolic. This was 
believed proved by his pupil, Doerfel, for the 
comet of 1681. 

The discovery that some comets move in 
elliptical orbits, and hence return to the sun at 
- periodic intervals, was first announced by 
Halley in 1682, when he predicted that the comet 
of that year would return again in 1758. Know- 
ing that he would not live to witness the ful- 
fillment of the prediction, he expressed a modest 
hope, that, if the comet should return as pre- 
dicted, that “posterity would not refuse to 
acknowledge that this was discovered by an 
Englishman.” 

His hope was fulfilled, and Halley’s name 
ranks among the immortals. Halley’s Comet 
was observed many times before his day. Its 
earliest recorded appearance is supposed to be 
that of 240 B.c. Its appearance in 1066 is 
depicted on the famous Bayeux tapestry, un- 
doubtedly the earliest delineation of the comet. 

It is now the general belief that probably all 
comets are members of the solar system. 

Of comets with proved elliptical orbits, fifty 
have been found to have periods less than 100 
years. There are twenty comets with periods 
ranging from 100 to 1000 years, and thirty more 
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with periods between 1000 and 10,000 years. 
(Russell.) 


ELLIPSE, PARABOLA, AND HYPERBOLA 


The figure shows graphically why it is so difficult to tell 
exactly the form of a comet’s orbit. The three kinds of 
curves are nearly of the same form near the focus (the 
Sun), and it is only in that part of its orbit that the comet 
can be seen. Moreover a comet is, at best, a misty and 
indefinite object, which renders it so much the more 
difficult to obtain good observations of its precise position 
and movement. 


As the comet approaches the sun, the nucleus 
takes form, but is never sharply defined, because 
of the misty light of the coma surrounding it. 
The tail extends as if repelled by some solar 
influence, often with great velocity. Changes 
in the-form of a comet’s.tail. have been observed 
in 24 hour intervals, the tail taking sometimes 
the form of a gigantic scimitar or fan. 
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The nucleus of a bright comet, as it nears the 
sun, often appears to expand, in a succession of 
bright enveloping rings, that stream backward, 
and become a part of the tail, much as water 
streams back to the wake from the prow of 
broad-nosed vessels in motion. 

The matter composing comets must be ten- 
uous in the extreme, as stars are observed to 
glow with undiminished light when the comet 
passes over them. 

It is now pretty well established that the head 
of a comet is not composed of a solid condensed 
mass, but is made up of separate and detached 
particles of matter. The mass of a comet is 
insignificant, and, in no case, as great as that of 
the smallest of the planets. 

Schiaparelli was the first to announce the con- 
nection between comets and meteors, a fact well 
established today. He proved the agreement 
between the orbit of the comet of 1862 and that 
of the meteor shower seen annually, about 
August rrth, the shower now known as ‘‘the 
Perseids.”’ 

Comets have always been objects of supersti- 
tious fear. From remote times they have been 
considered ill omens that presaged disaster to 
mankind. 

To date, we have a record of over nine hun- 
dred comets. Four hundred of these appeared 
before the invention of the telescope in 1609. 
Since 1880 an average of over five cómets'a year 
have been discovered. The first comet discov- 
ered by photography was discovered by Barnard 
in 1892. In 1895 eleven comets were discovered, 
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the greatest number discovered in any one year. 

La Place was the first to suggest that the 
orbits of comets that. approached the giant 
planet Jupiter еге likely to be diverted from 
their path, and captured, so to speak, by that 
planet. This theory is now generally accepted. 
According to Professor Russell, most of the short 
period comets can hardly be regarded as per- 
manent members of that group, since their orbits 
may be radically altered by encounters with 
planetary influences. 

The planets Saturn and Uranus have also 
families of comets which they have annexed, 
but they.are not as numerous as Jupiter’s family. 

Of late years there has been considerable 
controversy over the question of the origin of 
comets, whether they are a part of the solar 
system, or of the region that lies outside it. 
The former view is the generally accepted 
one today. 

A word as to the dimensions of a comet. As 
a rule the coma is from 30,000 to 150,000 miles 
in diameter. The average diameter tabulated 
by Holestschek is 80,000 miles.' -The comet of 
І8ІІ was an enormous body having. a coma 
estimated to be a million miles.in diameter. 

The nucleus of a comet, on the average, is in 
the neighborhood of one thousand miles in 
diameter. The tail of the comet is its most 
spectacular feature, and a tremendous affair. 
Professor Russell tells us that a comet’s tail, 
visible to the naked eye, is seldom less than five 
or ten million miles long, and lengths of from 

1 Astronomy, Russell Dugan, Stewart. 
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thirty to fifty million miles’ are not uncommon 
among bright comets. There are cases where 
the tail of a comet fully 100 million miles long 
have been observed. 

The light of a comet varies enormously. Some 
are barely visible in the great telescopes, others 
have exceeded in brightness all celestial bodies 
except the sun and moon. The spectroscope 
shows that the light from the head of a comet is 
partly due to reflected sunlight, and partly by 
the light emitted from the gaseous envelope 
surrounding it. 

The tail of a comet shows that its light is 
partly due to reflected sunlight, and the spectrum 
includes bands identified with those of carbon 
monoxide at exceedingly low pressure. 

As regards the probability and effect of a 
collision between the earth and a comet, often 
a matter of popular concern, it may be said that 
there is little chance of such an occurrence. If 
it did happen there is little likelihood of disas- 
trous consequences to the earth’s inhabitants. 
The chances are that the effect of such a collision 
would merely produce a magnificent meteoric 
display. 

As for the matter of danger from the gases 
composing a comet’s tail, the earth has already 
passed through the tails of comets without 
causing any ill effects to its inhabitants. 

Brilliant comets are unfortunately rare. They 
are glorious objects, and should be viewed as 
such. Only the E and superstitious fear 
them. 
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METEORS 


Celestial objects, popularly known as ''shoot- 
ing stars," have been noted by everyone. 
Frequently they are extremely brilliant, and 
excite the attention of all observers. 

We now know that these swift flashing objects 
are not stars in motion at all, but bodies that are 
close to us, comparatively speaking, attracted 
to the earth by the force of gravitation. These 
objects are called “ meteors," and the phenomena 
of their appearance, motion, and direction of 
flight have been closely studied for many years, 
and we are now able to classify them. 

The faint meteors that make mere streaks in 
the sky, and vanish almost instantly, are the 
most numerous. Meteors that are of unusual 
brilliance are known as ''Fire-Balls," or “Во- 
lides." These objects often move slowly and 
majestically across the heavens, and sometimes 
explode, the particles glowing in the sky for 
some seconds, and displaying many beautiful 
colors, due to the burning elements composing 
them. 

The rapidity of the speed of a meteor’s flight 
is at once a clue to its distance from us. We 
know that none of these bodies are far from us, 
for when they are first observed they are 
approximately 75 miles away. They vanish 
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from our sight at a distance of about 50 miles 
after an average flight of 35 miles, and their speed 
is something like 27 miles a second. There are, 
of course, exceptions to this rate of speed in 
the case of bolides. The velocity of the Earth, 
and the direction of the meteor’s approach 
must be taken into account in judging of the 
meteor’s speed of flight. Meteors that come 
for us head on, move at a speed of from 14 to 
45 miles a second. -In some instances, they 
have been calculated to dart through our atmos- 
phere at the rate of 100 miles a second. 

Meteors are visible to us for the reason that, 
as they rush toward the Earth, they come in 
contact with the Earth’s atmosphere. The fric- 
tion caused by the encounter ignites them, and 
they hurtle across the sky flaming as they go, 
leaving a trail of incandescent particles of matter 
in their wake. Sometimes this trail persists for 
some seconds, and the trails assume curiously 
twisted forms. Generally, however, the trails 
vanish almost instantly, so small are the particles 
composing them, the ashes sift down gradually 
to the Earth’s surface, and meteoric particles 
are found even on the virgin snow that mantles 
our lofty mountain peaks. 

When the meteor is of considerable size, the 
heat generated in the body is not sufficient to 
destroy it utterly. А residue of the original 
meteor survives the conflagration and buries 
itself in the earth or sea. These fragments of 
meteors that reach the earth are called 
‘“ Meteorites.” Many of them have been recov- 
ered and placed in museums, where they are 
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objects of study and interest. Meteorites range 
in size from small particles to massive fragments 
weighing tons. Admiral Peary brought back a 
meteorite from Greenland, which he presented 
to the Museum of Natural History in New York 
City. It weighs 36 tons. As this is being written 
there comes the report from Russia of the dis- 
covery of a monster meteorite in the wilds of 
Siberia. It is estimated to weigh 40,000 tons, 
and in its fall leveled and charred a forest fifteen 
miles in circumference. Later reports announced 
that this was not a single meteorite, but a cluster : 
not a celestial cannon-ball, but a great shot-gun 
charge. 

No part of the sky is free from meteors. In 
certain parts of the heavens, at definite dates 
annually, there are what is known as ‘“‘Showers 
of Meteors” when great numbers of meteors are 
seen in a short period of time. "There was a 
very remarkable meteor shower that radiated 
from the sickle in the constellation Leo, in 1833 
and again in 1866, when, it is said, the sky 
rained stars. This shower is known as ''the 
Leonids.”’ 

The reason that meteor showers appear to 
radiate from a definite point in the heavens, 
spreading out from a common center like a fan 
in all directions, is purely a matter of per- 
spective, an illusion similar to that of the con- 
verging of railway tracks on a long straightaway, 
where they seem to end in a point. ‘The meteors 
are actually falling in parallel courses that seem 
directed from their radiant or vanishing point. 

It has been discovered that comets are asso- 
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ciated with meteors, for the’ reason that when 
some expected comet has failed to appear we 
have observed, instead, a shower of meteors. 
This was the case with the great meteor shower 
mentioned above that radiated from Leo. The 
shower known as “the Andromedids," because 
they appear in the constellation Andromeda, is 
in the track or orbit formerly followed by Biela’s 
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A Diagram of a Stream of Meteors showing the Earth 
passing through them. 


comet, which split into two parts, that traveled 
together until their next return. After that they 
were never seen again, but at the scheduled 
times of return there have been brilliant displays 
of meteors. There seems little doubt but that 
these are the fragments of the disintegrated 
comet. 

The Earth in its annual orbital motion about 
the sun encounters these swarms of meteors at 
definite dates in the year, and definite positions 


415 


FIELD BOOK OF THE SKIES 


on its orbit where the meteors are streaming, and 
then the Earth is peppered by them. In a few 
days or weeks, as the case may be, the Earth 
passes the zone of the shower, and the shower 
is over till another year. 

The regularity of the occurrences of the well 
known meteoric showers leads us to the con- 
clusion that these swarms of meteors are moving 
in elliptical orbits, and are a part of the solar 
system. It may also be that a certain pro- 
portion of meteors are moving in hyperbolic or 
parabolic orbits. In these cases the meteors 
come from and return to interstellar space unless 
they are attracted and thrown, by planetary 
influences, into elliptical orbits. 

It has been estimated that the number of 
meteors visible to the naked eye in twenty-four 
hours must be several millions. Double the 
number of meteors are seen after midnight than 
are observed during the hours before midnight. 
The reason for this is that in the early morning 
hours, owing to the Earth's diurnal motion, we 
are facing our course and see the meteors over- 
taking us as well as those coming head on. In 
the early evening hours we only see the meteors 
that are chasing us. 

A word as regards the constitution of meteors. 
Owing to the recovery of many meteorites we 
have had an opportunity of analyzing them 
qualitatively and quantitatively. The majority 
of meteorites are composed of stone, many are 
masses of metallic iron, alloyed with nickel and 
cobalt. About thirty of the chemical elements 
have been found in these bodies, the most abun- 
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dant being in order respectively, iron, oxygen, 
nickel, silicon, and magnesium. 

* Valuable scientific work сап be done by the 
amateur by seriously undertaking the study of 
meteors. All that is required is time, patience, 
and a knowledge of the constellations. Anyone 
wishing to engage in such work should write the 
Headquarters of the American Meteor Society, 
Flower Observatory, Univ. of Penn., and the 
necessary instructions for observing will be sent. 

The photographing of meteor trails offers the 
amateur a splendid opportunity for aiding 
Science. Data of real scientific value can be 
obtained by anyone who will engage in this 
fascinating work. Those interested should write 
Dr. Willard J. Fisher, Harvard College Observa- 
tory, for information and instructions for carry- 
ing on this work. 

In conelusion, reference must be made to a 
remarkable crater in Arizona near Сайоп Diablo, 
known as ‘‘Coon Butte." Here there has been 
discovered a circular depression 400 feet in 
diameter and about 600 feet deep. On the north- 
ern rim of the crater masses of partially oxidized 
meteoric iron have been found. 

It is thought that this crater was formed by 
the impact of a gigantic meteor. Borings have 
been made in the floor of the crater to a depth 
of 700 feet. Meteoric material has been encoun- 
tered in these borings from two hundred to six 
hundred feet levels. The work is still being 
carried on, and there is reason to believe that 
in the near future the mystery of this unusual 
formation will be solved. 
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Historical 


The records relating to meteors may be traced 
back fully 2500 years. In the Book of Joshua, 
10:11, it is related that the Lord cast down 
great stones from heaven. This is thought to be 
a reference to a meteoric shower. 

In Chinese annals for 687 В.С. there is a 
reference to meteors, and another is to be found 
in Pliny to 467 B.c. The Phrygian stone carried 
to Rome in 204 В.С. was doubtless a meteorite, 
and the sacred stone within the Kaaba, at 
Mecca, the Mohammedan’s Holy of Holies, is 
another. 

The oldest meteorite preserved which is abso- 
lutely authentic, fell November 7, 1492, near 
Ensisheim, Alsace. ‘‘Its fall was accompanied 
by a loud clap of thunder, and a prolonged con- 
fused noise." In 1790, and again in 1803, showers 
of stones fell in small towns in France. 

The Leonid meteors afforded magnificent and 
sublime displays in 1833 and 1866. 

The serious study of meteors dates back to 
1794 when Chaldni published a memoir on the 
subject. Brandes and Benzenberg, students at 
Göttingen, were assiduous observers of meteors 
in 1798, and the former continued the work in 
1823. 

Systematic study of meteors is of compara- 
tively recent date. This has been carried on 
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chiefly by Dr. W. Е. Deening in England, and 
Dr. Chas. P. Olivier in our own country. The 
latter is the President of the American Meteor 
Society, an organization of enthusiastic observers 
who are accomplishing results of scientific value 
on the subject. 

The following list' contains the principal 
meteoric showers occurring annually. The R.A. 
(Right Ascension) and D. (Declination) of the 
radiant points are given to aid in their definite 
location. The student should plot these posi- 
tions on a Star Atlas. 

The radiant points of the three showers 
marked with a “*” are not established with 
certainty. 


Radiant Point 
on NIA 


Name of Shower Date R.A Remarks 
Quadrantids Jans 3 230 +52 Slowish, long paths. 
Lyrids Apr. 20 277 +34 Swift streaks. 

1 Aquarids May 2 332 — І Swift, very long paths. 

*§ Aquarids Лу. 28-30 330 —12 Slow, long paths. 

жа Capricornids Лу. 25-Aug. 4 303 —10 Very slow, brilliant, long 

paths. 
Perseids Aug. II 44 +56 Swift streaks. 
Orionids Oct. 19 от +15 Swift streaks. 
Leonids Nov. 14 150 +23 Very swift streaks. 

*Andromedids Nov. 17-27 25 +44 Very slow, short trains. 
Geminids Dec. 12 112 +33 Swift, white, short 

paths. 


Further details concerning the more important 
of the showers are given on the following pages. 


1 The author gratefully acknowledges the assistance геп- 
dered by Dr. Chas. P. Olivier, in the preparation of the 
above list. 
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The Lyrids 


The meteoric shower, known аз “ће Lyrids," that 
radiates from this constellation, is one of the few con- 
spicuous showers of the year. The meteors should be 
looked for the night of April 20th at a late hour. The 
radiant point is due south of Vega, and on a line with 
beta and gamma Lyre. These meteors are white in color, 
and noted for the swiftness of their motion. They are 
thought to be connected with the comet of 1861. 

Observers of meteors should count the number seen 
per hour, record the time of the observation of a meteor, 
note its direction of flight, its position when first seen 
and where it vanished, and make a rough estimate of its 
brightness in terms of stellar magnitude. These facts 
should be recorded in an observing book, and the data 
sent to Professor Chas. P. Olivier, Flower Observatory, 
University of Pennsylvania. 

By making such observations any one, with little 
trouble, can contribute valuable scientific data, and 
assist materially in the great research work that is being 
carried on. 


The Perseids 


A noted meteor shower, called ‘‘ the Perseids,’’ radiates 
from this constellation. The meteors should be looked 
for August 11th and 12th. The radiant point is in the 
vicinity of у Persei. These meteors are sometimes called 
“the Tears of St. Lawrence." They dart with great 
swiftness across the sky, and are yellow in color. They 
are known to be traveling in the same orbit as that of 
Tuttle’s comet of 1862, and are probably associated with 
it. The average number of meteors in this shower visible 
per hour is sixty-nine. 
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The Leonids 


November is a famous month for meteors. A shower 
known as "the Leonids’’ radiates from the head of the 
Lion, marked by the sickle. It is due on the 14th or 15th 
of the month. These meteors were wonderfully numerous 
in 1833 and 1866, when there were marvelous displays. 
Since then they have not been seen in such vast numbers. 

Calculations show that this great meteoric swarm has 
been drawn aside from its orbit by the attraction of the 
planets Jupiter and Saturn. 

The Leonids are remarkable for their swiftness, and 
their light is of a deep bluish color. They are following 
about the sun the exact path of Tempel’s Comet, and it 
is thought that they are the remains of this Comet. 

In the center of the constellation Leo, about midway 
between the sickle and the triangle, will be found one of 
the starless regions of the sky. 


The Andromedids (or Bielids) 


The star у Andromeda marks the radiant point of the 
Bielid meteors associated with Biela's comet, which dis- 
appeared in the first half of the 19th Century. These 
meteors should be looked for on November nights between 
the 17th and 27th of the month. The stream travels 
very slowly, and the meteors are characterized by their 
yellowish color and their short. trains. 


The Orionids 


A well known meteor shower occurs each year in this 
region, known as “the Orionids." The meteors should 
be looked for the night of October r9th. A line drawn 
from Rigel to Betelgeuze, prolonged half its length, locates 
the radiant point of the shower. 
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ECLIPSES 


Eclipses were probably among the very first 
celestial phenomena to be studied. We have 
records of them dating back several thousand 
years. 

That an eclipse of the Sun is caused by the 
Moon passing between it and the Earth, and that 
an eclipse of the Moon is caused by the latter en- 
tering the great shadow the Earth casts into 
space, is too well known to require any space 
here. 

The plane of the orbit of the Moon around 
the Earth is inclined, or tilted, to the plane of 
the ecliptic, i.e., the plane of the Earth's orbit 
around the Sun. It is only when the Moon is 
at, or near, one of the points where its orbit cuts 
the plane of the ecliptic, and simultaneously, 
the Sun, also, is apparently at, or sufficiently 
close to, one of them that an eclipse can occur. 
It is for this reason that the plane of the Earth's 
orbit is called the ecliptic. In one year there 
may be as many as seven eclipses, five of the 
Sun and two of the Moon, or four of the Sun 
and three of the Moon; or as few as two eclipses 
but never less. When there are but two eclipses 
these botb must be of the Sun. The Moon is 
never eclipsed more than three times in a year. 

There is a certain time cycle, of about 18 
years, called the Saros, at the end of which 
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begins a repetition of eclipses similar to those 
of the previous 18 years. This Saros was known 
to the Chaldeans. It is not exact, but is close 
enough to be of practical value. 

The reasons for the above are all technical 
and mathematical, and, as such, have no 
place here. 

Eclipses of the Sun are more numerous than 
those of the Moon in a ratio of about three to 
two, but, from any given point on the Earth 
more eclipses of the Moon may be seen than 
those of the Sun. A solar eclipse, because of 
the small width of the Moon’s shadow, can be 
seen from only a limited position of the Earth, 
but an eclipse of the Moon can be seen from a 
whole hemisphere at the same time. 

Eclipses may be roughly divided into two 
main classes, total and partial. 


Eclipses of the Sun 


A total eclipse of the Sun is visible from some 
point on the Earth about once every year and 
ahalf. At any given place, however, one is seen 
only about once every 360 years. This is be- 
cause of the narrowness of the Moon’s shadow, 
which averages about sixty to seventy miles 
in width. 

An eclipse is called total when the Moon’s 
disk entirely covers that of the Sun. Because 
of the varying distances of the Moon from the 
Earth, and the Earth, (and consequently the 
Moon, too) from the Sun, the apparent sizes of 
the Moon and the Sun vary. There are, there- 
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fore, eclipses where the solar disk is barely cov- 
ered, and others where it is completely screened. 
The total stage of solar eclipse can last, at most, 
only about eight minutes. The shadow of the 
Moon travels at the Earth’s surface with the 
speed of a cannon ball, and only under the best 
conditions can an eight-minute totality occur. 
This can happen only at the Equator, and at the 
very center of the path of 168 miles in width 
made by the Moon’s shadow when broadest. 

It is only during the total stage that the 
wonderful Solar Corona is seen. 

Whenever a total eclipse occurs it may be 
seen also as a partial eclipse on a strip of the 
Earth’s surface several hundred miles on either 
side of the path of totality. 

An eclipse of the Sun where the disk is not 
covered entirely although the Moon is passing 
directly between the observer and the Sun, or 
centrally as it is termed, is called an annular 
eclipse because of the ring (Latin, annulus) of 
the Sun’s rim left shining around the black disk 
of the Moon. An annular eclipse occurs when 
the Moon is farthest from the Earth, and the 
Earth and Moon are nearest the Sun, and in 
consequence, the shadow of the Moon is not 
long enough to reach the Earth. The annular 
eclipse is, of course, only a special form of 
partial eclipse. 

The third form of the solar eclipse is the par- 
tial type. This occurs when the Moon passes 
over the Sun’s disk not centrally. It may range 
from an almost total eclipse to a bare shading 
of the Sun’s rim. 
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The total eclipses are those of greatest astro- 
nomical interest. 

One value of a total solar eclipse lies in the 
opportunity it gives for studying the wonderful 
Corona about which so very little is known. 
Many expeditions are nearly always sent out 
to that part of the world from which a predicted 
total solar eclipse will probably best be observed. 
It is, of course, a great gamble, for a few mo- 
ments of cloud may render useless the prepara- 
tion and expense of months. During the totality, 
but little attention is, nowadays, paid to direct 
observing, all efforts being centered upon ob- 
taining as many good photographs as possible. 

Until the spectroscope proved its ability to 
view them under ordinary conditions, the study of 
the Solar Prominences was also restricted to the 
scant few moments of totality during an eclipse. 

In recent years, a factor of paramount interest 
has been added to the total solar eclipse: a test 
of the Relativity Theory. 

According to Einstein, the light of a star 
passing close to a massive body like the Sun, and 
through its powerful ''field," is bent into а 
curved path, and, therefore, the observed posi- 
tion of the star is slightly different from the 
actual position. Einstein predicted the exact 
amount of this difference. 

The principle of the test is, roughly: 

Two sets of photographs are made, one, long 
before, of the stars surrounding the position the 
Sun will occupy during totality, the other during 
the totality, when the same stars can be seen 
shining close to the black disk of the obscuring 
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Moon. The photographs are then carefully com- 
pared. Theoretically, the star images during 
totality should all appear shifted away from the 
Sun to a small amount; but, while the relativitists 
hail the published results of the tests as complete 
confirmations of Einstein, the facts are that the 
shifts of the stellar images are by mo means con- 
sistent, either in amount or direction, and the 
results can be brought into accord with those 
predicted only by “forcing an average." 

It is to be deplored that the supporters of 
Relativity, a remarkably logical and epoch- 
making conception, for it is probably funda- 
mentally correct, should have laid themselves 
and the theory open to a justified scepticism by 
their over-eagerness to present the world with 
a "proof" that later investigations show to be 
doubtful in the extreme. 

The fact that the eclipse plates do not bring 
definite corroboration, in no way suggests a 
disproof of the Theory. So many factors must 
be taken into consideration in connection with 
such measurements that the true causes of 
the observed shifts and their apparent incon- 
sistency will be indeed difficult to identify. 
Einstein may well be correct, but the eclipse 
records thus far obtained do not accord his 
Theory an iota of true proof. 


Eclipses of the Moon 


These are either total or partial. А total 
eclipse of the Moon occurs when it passes en- 
tirely into the shadow of the Earth. The 
diameter of the Earth's shadow where the Moon 
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crosses it is about 5700 miles. The Moon, there- 
fore, with a diameter of 2160 miles, can be quite 
“out of line" and still be totally eclipsed. When 
the Moon crosses the center of the shadow the 
total phase lasts about two hours. The duration 
of a non-central eclipse varies according to what 
part of the shadow is traversed. 

Owing to the refractive power of the Earth’s 
atmosphere, the rays of the Sun are somewhat 
bent around the Earth, so that its shadow is 
never clearly defined, as is that of the Moon; 
and, even when the latter is totally immersed in 
the Earth’s shadow, its disk is usually visible, 
glowing with a dull, copper-colored light. The 
color is caused by the passage of the Sun’s rays 
through such an extent of our atmosphere. 
From the Moon, during a total lunar eclipse, 
the Earth must appear as a great black disk 
rounded by a narrow ring of brilliant light, 
colored with sunset tints. In 1884, the cloudy 
condition of the Earth’s atmosphere prevented 
the passage of practically all this refracted light, 
and the Moon for a time was quite invisible to 
the naked eye; a most unusual occurrence. 

A partial eclipse of the Moon occurs when the 
edge of the Earth’s shadow only is traversed. 
Like a partial eclipse of the Sun, it may range 
from the barest touching of the Moon’s edge up 
to an almost total phase. 

Lunar eclipses offer little of special interest. 

The ability to reckon backward for centuries 
eclipses of both the Sun and the Moon aids 
greatly in fixing historical dates of events occur- 
ring near eclipses mentioned in old records. 
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THE MILKY WAY 


The Milky Way, or Galaxy, is a vast, irregular 
belt of luminosity that nearly encompasses the 
heavens. It covers more than one-tenth of the 
visible heavens, and passes through the con- 
stellations Cassiopeia, Cepheus, Perseus, Auriga, 
Monoceros, part of Orion, Gemini, Argo, Crux, 
Centaurus, Scorpius, Sagittarius, Aquila, Del- 
phinus, and Cygnus. 

This remarkable feature of the celestial sphere 
is composed of stars, billions of them, at such a 
remote distance from us that their light is merged 
into the semblance of glowing clouds. 

To Democritus, the Greek philosopher, is due 
the honor of first advancing the theory that the 
misty light of the Galaxy was due to the com- 
bined light of innumerable faint stars. Galileo, 
іп 1610, with his newly invented telescope, con- 
firmed this view. Now we have marvelous photo- 
graphs taken with our giant telescopes that 
reveal the glories of this stupendous assemblage 
of suns. 

So rich are the star fields in the Milky Way, 
we are informed by that prince of observers, 
Sir William Herschel, that in one quarter of an 
hour no less than 116,000 stars passed in review 
across his telescopic field of vision. 

The Milky Way has been intensively studied 
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A splendid example of a Star Cloud is shown at 
the center of the picture 
From a photograph taken at the Lick Observatory 
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by astronomers of late years. ` It has been found 
that it varies in brightness in different regions, 
and it is crossed in many places, particularly in 
Cygnus and Sagittarius, by dark irregular areas. 
These features have been called ‘‘Coal Sacks,” 
and for many years they were thought to be 
starless regions, windows in the sky, so to speak, 
through which mankind peered into interstellar 
space beyond. 

We now know that these dark patches in the 
Galaxy are really opaque clouds of cosmic matter, 
“dark nebula," perhaps the elemental principle 
of the cosmos that marks the first, or last, step 
. in stellar evolution. These clouds of obscuring 
matter shut out from our view the light of the 
more remote stars. A remarkable dark nebula 
has been photographed by Professor Duncan, 
situated in the constellation Orion, near the 
star zeta Orionis. The photograph shows a jet 
black object with sharply defined edges, and the 
resemblance to a cloud is unmistakable. The 
dimensions of these clouds must be exceedingly 
great. 

There have been many attempts to estimate 
the number of stars in the stellar system—the 
Galaxy we call ours. Totals ranging from 3,000 
millions to 30,000 millions are sometimes given, 
often less. The gathering of the stars in the 
plane of the Milky Way presents the difficulty 
that makes all estimates largely guesswork; for, 
in the direction of that plane, “there lie stars 
behind stars until vision fails." 


The Milky Way has long been considered as 
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the framework of the sidereal universe, “‘closely 
connected with the entire constitution of our 
stellar system." This view was advanced by 
Thomas Wright as early as 1750, who held that 
the Milky Way is roughly in the form of a disk, 
the Sun being somewhere near the centre. 

It was the determined and remarkable research 
work of Kapteyn that gave corroboration to this 
theory. By carefully estimating the distribution 
of the stars throughout space, he was able to 
demonstrate the probability of this disk-shaped 
system, and the “Kapteyn Universe" became 
an accepted belief. 

The past few years have, however, brought 
rapid advances in this field of astronomical 
knowledge, and Shapley now tells us that the 
“Kapteyn Universe" is only a “local star- 
cloud," that is part of a still greater system, 
"probably coiled in spiral form like the spiral 
nebulae which are observed in great numbers іп 
the heavens." (Eddington.) Shapley has esti- 
mated the location of the center of this greater 
Galaxy, and places it somewhere in the direction 
of the constellation Sagittarius, about 25,000 
light-years distant. This vast system is also 
disk-shaped, due to rapid rotation, of which 
there is direct evidence. 

Our local cluster—the ‘‘Kapteyn Universe’’— 
is now estimated to be at least 2,000 light years 
across; but the greater Galactic system can 
scarcely be less than 300,000 light years in 
diameter. (See note p. 432.) 

It is a far cry from the geocentric universe, in 
which Sun, Moon and Stars were but the atten- 
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dants upon man’s Earth, to a cosmos where 
“the galactic system is one among a million or 
more spiral nebule’’—other universes, the near- 
est of which is 800,000 light years away. 

How far does this go on—-atoms forming 
molecules, molecules building suns, suns swarm- 
ing into clusters, clusters gathering into ''uni- 
verses," and—universes into an atom of a super- 
physics?? Is there a limit to size—to space? 
Einstein claims that there is. There is, at least, 
not enough here to discuss the question. If any 
reader is interested, however, let him turn with 
the anticipation of great pleasure to the reading 
of Eddington's '" Nature of the Physical World.” 


To some, the contemplation of the over- 
whelming vastnesses of stellar systems, of uni- 
verses—of systems of wuniverses,—is terrifying 
beyond measure. This should not be. Let 
man realize that “іп the eternity of duration 
his life is the dream of a moment, and bow his 
head in reverence before the Immeasurable 
Power which finds expression in this infinite 
profusion of shining suns”; but let him raise his 
head again in proud amazement at the greater 
wonder: that he can seize and hold this mighty 
immensity in the grasp of his tiny brain. 


Mythology 


Of all the marvels of the firmament, the 
Milky Way stands preeminent, exciting the 
admiration and wonder of all beholders. 

A wealth of myth and legend has been be- 
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queathed to us contributed by men of every race 
from time immemorial. 

In ancient Judea, and Armenia, the Milky 
Way was regarded as a Long Bandage wrapped 
around the heavens. The Greeks knew it as 
“the Road to the Palace of Heaven? The 
Algonquin Indians imagined it was the path of 
departed souls, and the bright stars along the 
way were camp fires built by the departed as 
they journeyed toward their eternal home. 

The Peruvians and Incas thought that the 
Milky Way was composed of star-dust. The 
Egyptians imagined that the Galaxy was formed 
by the dropping of innumerable grains of corn 
by their goddess Isis. 

The ancient Britons called the Milky Way 
“Майпо Street," Asgard's Bridge, and “the 
Fairies Path." 

The Chinese and Japanese saw in the Milky 
Way a celestial river twining across the sky. 
To the Eskimos it was “the Path of White 
Ashes." It has also been known as “һе Neck 
of the Sky,” “the Path of the Snake," and “ће 
Path of Noah's Ark." 

'The folk lore of the Milky Way 1s of fascina- 
ting interest, and the reader is urged to extend 
his knowledge of the subject, referring to the 
volumes devoted solely to the legends of the 
stars. 

Note: Estimates of the dimensions of the Milky Way 
may have to be changed. New photo-electric measure- 


ments seem to indicate that the dark matter in inter- 
stellar space has caused over estimates of these distances. 
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THE SMALL TELESCOPE 


There are many facts regarding the manipula- 
tion and use of a small telescope concerning 
which the average amateur is unaware; for at 
the outset he is liable to meet with difficulties, 
and the information he requires is not available. 
The very simplicity of many of these directions 
regarding the use of the small telescope, seems 
to have precluded their general publication in 
books on Astronomy, and yet they are of para- 
mount importance {о the beginner. 

The purpose of this article, therefore, is to 
acquaint the amateur with many of the essential 
facts relating to the small telescope, and aid him 
in the intelligent use of his instrument. 

Telescopes are of two kinds, Refracting and 
Reflecting. They are rated as of a designated 
inch of aperture, which means the measure of 
the clear diameter of the object glass or lense 
which is nearest to the object observed, or, in 
the case of a reflector, the clear diameter of 
the mirror. 

The larger the aperture the more powerful the 
instrument. Thus, the largest refractor is the 
40-inch ‘glass at the Yerkes Observatory, the 
largest reflector the roo-inch at the Mt. Wilson 
Observatory. 

'The power of a telescope increases in propor- 
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tion to the square of the diameter of the ob- 
jective. А 3-inch glass is more than twice as 
powerful as a 2-inch, and a 4-inch nearly twice 
as effective as a 3-inch, and four times as power- 
ful as a 2-inch. A 3-inch refractor is an ideal 
glass for the amateur, and about the smallest 
that can be used effectively for astronomical 
work. 


The Refractor 


The refracting telescope consists of two con- 
vex lenses, the object glass, or objective, which 
forms the image of the object observed, and the 
eyepiece, or ocular, which is the lense nearest 
to the eye in the tube, and which magnifies the 
image formed by the object glass. 

The object glass is the important part of the 
telescope, and should be treated with great 
care. This lense in good telescopes is 
“achromatic,” which means that it is com- 
posed of two or three lenses made of glass of 
different density, and so proportioned as to 
eliminate. the false colors which appear in a 
single lense. 


The Reflector 


In this type of telescope, a parabolic mirror 
takes the place of the objective in the refractor. 
The mirror is placed at the lower end of. the 
tube. The light rays from an object pass down 
the tube, and are reflected back up the tube 
where they are intercepted by a small plane 


434 


THE YERKES 40-INCH REFRACTOR 


The largest refracting telescope in the world. Iis big lens weighs 1,000 
pounds, and ils mammoth lube, which is 62 feel long, weighs aboul 12,000 
pounds. The parts to be moved weigh approximately 22 lons, 

The great 100-inch reflector of the Hooker telescope at МІ. Wilson—the largest 
reflecting instrument in the world—weighs nearly 9,000 pounds and the moving 
parts of the telescope weigh about 100 tons. 11 collects over six limes аз much 
light as the Yerkes, and 250,000 times as much as the naked eye. 

The new 72-inch reflector at the Dominion Astrophysical Observatory, near 
Victoria, B. C., weighs nearly 4,500 pounds, and the moving parts about 
35 tons. 
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mirror or “flat,” and reflected at right angles 
through the side of the upper end of the tube, 
where the eyepiece is located. A person ob- 
serving a star with a reflector gazes horizontally 
at the image formed by the vertical rays of light 
passing down the tube. The foregoing refers to 
the Newtonian form of reflectors. 

In the Gregorian form, which shows erect 
images, the light rays are reflected back by a 
small concave mirror through a hole in the 
center of the large mirror to the ocular. 

The Cassegranian type of reflector is similar 
to the Gregorian except that the rays are reflected 
to the eyepiece by a convex mirror. In both the 
refracting telescope and the Newtonian and 
Cassegranian types of reflectors an inverted 
image is shown in the field of the eyepiece. 


Eyepieces 
Eyepieces, or oculars, usually consist of two 
lenses mounted in a short brass tube, which is 


Fig. 1 


either screwed on to the adapter, a short tube 
that projects from the lower end of the refracting 
telescope, or simply slipped into place. 
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Eyepieces, generally speaking, are of two 
types, positive and negative. In the positive 
eyepiece, Figure 1 (on the preceding page), the 
focus point of the objective is outside the eye- 
piece, and this type gives a flatter field than 
the negative eyepiece. The positive eyepiece 
can be used as a magnifier, and is in fact a 
small microscope. The negative eyepiece cannot 
be put to such use. In the negative eyepiece, 
the focus point lies between the lenses. See 
Figure 2. 
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Бір. 2 

Telescopes are generally provided with а 
terrestrial eyepiece, a long tube to accommodate 
several lenses to erect the image. This eyepiece 
should not be used in observing celestial objects, 
as the additional lenses cut down the light re- 
ceived by the eye and this is a great handicap in 
observing the stars. 


To Find the Power of an Eyepiece 


Magnification depends on the ratio between 
the focal length of the objective and that of the 
eyepiece. To figure the magnification divide the 
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focal length of the objective by the focal length 
of the eyepiece. Thus: objective focal length 36 
inches, eyepiece focal length 14 inch, gives mag- 
nification of 72 diameters, and the eyepiece is 
called 72 power. 

Observers should have at least three eyepieces 
in addition toa terrestrial eyepiece. A low power 
of ten times to the inch of aperture for coarse 
star clusters, comets, nebulae, and Variable 
Stars; a medium power of thirty times the inch 
of aperture for the Moon, Planets, and Double 
Stars; and a high power of sixty times the inch 
of aperture to use when the ‘‘seeing’’ is good, 
that is, when the air is dry and quiescent, for 
viewing the Planets, and close Double Stars, 
and faint Variable Stars. 

The theoretical limit of magnification is 100 
diameters to the inch of aperture, but in practice 
50 diameters is about the limit of use. The 
Diagram (p. 438) shows the curve of stellar mini- 
mum visible in telescopes up to 16 inches in aper- 
ture. Thus it appears that а 13th magnitude star 
is the faintest star visible in a 5-inch telescope. 

Set up a carefully divided scale, with equal 
divisions, some distance away. With both eyes 
open view the scale with the naked eye, and with 
the telescope. The number of divisions on the 
scale covered by the magnified image of one of 
them equals the power of the eyepiece used. 

It is important to know the diameter of the 
field of the eyepiece. To obtain this, observe a 
star near the celestial Equator, say 8 Orionis, 
or 5 Aquarii. Note the time it takes for the 
star to pass directly across the field. Multiply 
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the time by 15, and this will give the diameter of 
the field in minutes and seconds of arc. 

To test the telescope, use the highest power 
ocular on a good night for observing when there 
is no marked scintillation of the stars. If the 
glass is a good one a star should appear as a 
sharp absolutely round disk of light surrounded 
by one or two concentric rings of light. These 
rings are called “ Diffraction Rings," and the disk 
is a spurious disk, as the stars are too far away 
for us to see their actual disk. 

Polaris is probably the best star to use in the 
initial telescopic tests, as it remains stationary 
and has a faint companion. The first test is to 
observe whether the central spurious disk is 
absolutely round or not. Then observe the 
appearance of the disk when it is in or out of 
focus. If the spherical aberration is incorrect 
the outer rim of the star disk will be brighter 
than the center when the eyepiece 1s pushed in, 
and out of focus; the center will appear brighter 
when the eyepiece is drawn out and out of focus. 
If the curves of the objective are not even the 
disk will appear oval in one or the other of the 
out of focus positions. If there are veins in the 
objective, wings or notches will be seen in 
the disk. 

Bad images may be caused by scratches on 
the surface of the objective, or the objective 
may not be set at an exact right angle to the 
axis of the tube, or the eyepiece itself may be 
at fault. 

A 3-inch telescope with a 60-power ocular 
should make this page legible at a distance of 
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240 feet, or four feet for each unit of power. 
A perfect telescope should separate a double 
star consisting of two sixth magnitude stars, 
whose distance from center to center in seconds 
of arc is equal to 4.56 divided by the inches of 
aperture, that is, a 3-inch glass should just divide 
a double star whose distance is 1.5". 


The Use of the Telescope 


Let us assume that you have purchased a 
three-inch refracting telescope of standard make, 
as it should be, for the reason that you are 
never sure of an inferior glass, and a poor tele- 
scope is practically worthless. The glass is 
generally furnished with a simple tripod, and the 
whole outfit usually comes neatly boxed with a 
set of eyepieces. 

'The setting up of the tripod should not bother 
anyone. А word as to the mounting, or tripod 
head in this case. We will assume that yours is 
what is known as the Alt-Azimuth type, that 
permits of two motions, up and down, the alti- 
tude part, and from right to left (or vice versa), 
the motion in azimuth. 

'This is the simplest form of telescopic mount- 
ing and quite adequate for the purposes of the 
amateur. We will not discuss the Equatorial 
mounting, which is the type of mounting of all 
the great telescopes, and the preferable mounting 
for all telescopes larger than a 4-inch glass. As 
a rule when a man has used a small instrument 
for a time he wants a larger one. By that time 
he knows considerable about the subject of in- 
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struments and mountings, knows what he wants, 
and where he can obtain information for adjust- 
ing the instrument. Few amateurs at the outset 
have sufficient knowledge concerning telescopes 
and their use to warrant purchasing a large 
equatorially mounted telescope. 

We have set up the glass, removed the cap 
from the objective, and attached the low power 
eyepiece. You can roughly tell the power of 
the eyepieces by examining the smaller of the 
two lenses, the one that is nearest to the eye. 
You will note that these lenses in the different 
eyepieces vary in diameter. The low power is 
the lense with the largest diameter. The lense 
smallest in diameter is the high power. 

Before beginning to observe you should see 
whether the glass is equipped with a dew cap, 
that is, a cylindrical projection beyond the 
objective to protect it from being fogged by the 
dew. It may be that one is attached and only 
needs to be pulled out to the proper length. 
If there is no such device, you should make a 
dew cap by rolling a sheet of cardboard or 
blotting paper the diameter of the tube and 
strapping it on, allowing it to project about ten 
inches beyond the objective. 

You should set up the telescope in a place 
where there is no artificial light visible, and 
where you are protected from the wind. Arti- 
ficial hght in the eye should be avoided in all 
telescopic work, and any vibration of the tripod 
renders good definition impossible. If you can- 
not avoid the wind, construct a light portable 
shield to protect you while observing. 
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You should have a red light handy for con- 
sulting your book and making notes. You can 
either use a bull’s eye lantern with a red shade 
or a hand flashlight with red tissue paper at- 
tached to the bulb with a rubber band. The 
latter is most satisfactory. You will find that 
the red light does not dazzle the eye, and that 
you do not have to wait for the eye to become 
accustomed to the darkness as you do if you use 
a white light. 

Let us assume that your low power eyepiece 
is 30 power. This means that when you view 
the Moon, which is 240,000 miles away, you are 
viewing it at a distance of 8000 miles. It is 
simply a matter of dividing the distance from 
an object by the power of the ocular to discover 
how magnification decreases distance. In ob- 
serving the stars even with our largest telescopes 
magnification is a matter of no consequence as 
stellar distances are so tremendous. 

The inversion of the field is a matter to bear 
in mind, especially the orientation. The dia- 
gram indicates the field of the telescope properly 
oriented. It is, of course, a matter of no conse- 
quence if the celestial objects are inverted, we 
simply have to bear in mind the fact of the 
change in the position of the cardinal points of 
the compass. (See diagram on opposite page.) 

The telescopic view of a star is a mere point 
of light, a spurious disk it is called, and around 
it (if your glass is a good one) you should see the 
diffraction rings. 

You are now ready to observe. Point the 
glass at a bright star. It is not as easy as you 
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might think to pick up a star at once for the 
field of view is very small, but with a little 
practice you will be able to direct the glass at 
once to any object. 

Observe with either eye, keeping the other 
open or closed as you prefer. If you are accus- 
tomed to wear glasses take them off when observ- 
ing with the telescope. Use the focusing screw 
on the side of the tube to get sharp definition, 
putting the glass in and out of focus until you 
find the spot where the image is sharp. 
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Star East, rising Star South Star West, setting 
n.p. north preceding. 
n.f. north following. 
s.p. south preceding. 
s.f. south following. 
Arrow indicates direction of star’s motion across the field. 


As you are observing the star you will note 
that it appears to move across the field, and you 
will have to keep moving the glass to bring it 
back into the field. This movement of the star 
always astonishes those who use a telescope for 
the first time. It is entirely due to the fact that 
you are magnifying the Earth’s motion, and it is 
the telescope that is moving and not the star. 
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Large telescopes are equipped with slow mo- 
tions and clockwork to counteract this motion 
and keep the object observed in the field con- 
tinually. Clockwork is essential for all photo- 
graphic work that is done on celestial objects. 

It is presumed that you know the constella- 
tions and the names of the bright stars, otherwise 
you will not know what you are looking at. To 
fully enjoy telescopic work this knowledge is 
essential. 

The Moon is the most satisfactory of all 
celestial objects to view in a telescope, because 
of its comparative proximity, and in lunar 
observations you have a mine of enjoyment іп 
locating the various features of interest on the 
surface of our satellite. It is amazing how much 
lunar detail a three-inch glass will reveal. 'The 
best time to view the Moon is at first quarter 
for then you see the details along the terminator, 
the line of demarcation between sunlight and 
darkness. The full moon is always a disappoint- 
ing sight as lunar detail is revealed chiefly by 
shadows. The light dazzles the eye and there is 
no contrast of color to reveal details. 'The ama- 
teur should secure a good map of the Moon and 
identify the many rare objects of interest that 
even a small glass reveals. 

Lunar occultations are of particular interest. 
Consult the Nautical Almanac for the necessary 
data. (See p. 375.) 

'The planets furnish a field of interesting tele- 
scopic work. You can see the rings of Saturn, 
and one or two of its brightest moons, four of 
Jupiter's satellites, and view the interesting 
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phenomena they are constantly presenting. The 
belts of Jupiter are also visible. 

The planets Venus and Mercury can be seen 
in crescent phase, and you can see the polar 
caps on the planet Mars. It is also interesting 
to endeavor to locate the planets Uranus and 
Neptune. The former can be seen in a field glass 
if you know its exact position, but Neptune is 
a difficult object to locate unless you have 
an equatorial. 

A Star Atlas 15 ап absolute necessity. Schu- 
rig’s is satisfactory and contains a map of the 
Moon. Тһе atlas shows you the position of 
many star clusters, and enables you to plot the 
position of a comet or nova should one appear. 

Double stars furnish a wide field of interest, 
but the most beautiful sights in the telescope 
are the coarse star clusters. Do not expect too 
much of your high power ocular, as a great deal 
depends on the quality of the ''seeing," and 
good seeing is a rarity. 

You may wish to view the sun spots, which 
are always interesting objects to observe. 
NEVER look directly at the sun through the 
telescope. If you do there is great danger of 
losing your eyesight. Use a solar eyepiece, but 
better yet project the image of the Sun on a 
piece of white cardboard held a short distance 
from the ocular in the focus. You can arrange 
a frame to attach to the tube of the telescope 
to hold the cardboard; this, when properly 
shaded, makes an admirable arrangement. 

The most practical telescopic work the ama- 
teur can engage in is Variable Star observing. 
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This is fascinating work, involves no mathe- 
matics, and the details are easily mastered. 
A three-inch telescope is entirely adequate for 
the purpose, and all observations of Variable 
Stars are of scientific value. М. Т. Olcott, whose 
address is Norwich, Conn., will be glad to fur- 
nish further information on the subject. 

The questions are often asked: What is the 
best type of telescope for the amateur? What 
advantage has the refractor over the reflector, 
if any. Many amateurs have made their own 
reflectors and find them most satisfactory. The 
reflector has this advantage over the refractor 
in that it always permits the observer to assume 
a comfortable observing position, and it is less 
expensive. 

Reflectors, on the contrary, are clumsier in- 
struments than refractors, and are not as port- 
able, but the chief difference between the two 
types lies in the mirror of the reflector which has 
to be resilvered every few months. Those who 
are familiar with the process of resilvering do 
not regard this as a troublesome matter, but the 
average amateur who knows nothing about tele- 
scopes finds the technique of resilvering difficult 
to master, and regards it as more or less of a 
nuisance. The refractor is always in order and 
ready for business. 

Professionals find a good use for both types 
of telescopes. The refractor defines better, has 
a larger field of good definition, and is more con- 
venient to use than the reflector. Refractors 
are used almost exclusively in visual observa- 
tions and measures. 


446 


THE SMALL TELESCOPE 


Reflectors excel in all photographic work, and 
in the observation of faint comets, and nebule, 
and they are better than refractors for spectro- 
scopic work. 

For the simple needs of the average amateur a 
three-inch refractor, with Alt-Azimuth mounting, 
is ideal for his purposes. It is easily taken in 
and out of the house, can be boxed and carried 
about, and reveals hundreds of celestial objects 
of interest to contemplate with enjoyment or 
to study scientifically. 

In closing this brief article designed to assist 
the telescopist it is well to remember that the 
true observer is above all things an amateur, 
using the word in that splendid sense to which 
Professor Hale has introduced us: 

“Тһе amateur is the man who works on 
Astronomy because he cannot help it, because 
he would rather do such work than anything 
else in the world, and who therefore cares little 
for hampering traditions, or for difficulties of 
any kind.” 


Hints for Telescopists 


Do not observe with a telescope from a warm 
room by pointing the glass through the open 
window. The currents of warm air seeking an 
outlet distort the image of any object observed. 

Do not try to observe through a pane of 
window glass. Take the glass out of doors and 
set it up in a dark, sheltered spot. 

Treat the objective with great care. It should 
be kept capped when not in use. If dirt collects 


447 


FIELD BOOK OF THE SKIES 


on it, first dust off the lens with a soft camel’s 
hair brush. If it needs further cleaning rub it 
lightly with a soft piece of cloth or chamois that 
has been kept in a dust free receptacle. Better 
yet get from an optician the Japanese paper used 
for cleaning lenses. 

Never touch the lens with your hand and do 
not wipe the lens when it is damp. If the lens 
becomes dewed take the glass in a warm room 
and let the lens dry off. 

It is well to set up the glass in the open air a 
short time before it is used to allow the lens to 
cool to the temperature of the outdoor air. 

The quality of the ''seeing" differs greatly 
from night to night. 'The marked scintillation 
of the stars indicates unsatisfactory conditions 
for observing. Many objects are best viewed 
in moonlight or when there 1s a slight haze. 

In observing faint objects, close the observing 
eye for a few moments, and open it at the 
eyepiece. In searching for faint double stars 
make a mental note of the distance and position 
angle. If you do not see a faint companion 
star try the method of averted vision, that is, 
gaze intently at another part of the field, and 
the more sensitive portion of the retina will 
often reveal it. 

It is well to have a small table near at hand 
to hold your lamp, star atlas and note book. 
Use a straight backed chair and to get the best 
results, always assume a comfortable position 
in observing. 

Make careful notes of all observations, stating 
the date, time, seeing conditions and aperture 
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of glass. If you discover a comet or a nova, 
that is, a new star, plot its position on your 
star atlas, and telephone or telegraph the in- 
formation to the nearest Observatory. By so 
doing you may achieve the fame of the discovery. 

Do not observe objects near the horizon where 
the earth’s atmosphere renders good seeing im- 
possible. The best views are obtained of objects 
near the zenith. For observing objects in the 
zenith you should have a diagonal eyepiece 
which permits you to observe at right angles 
to the axis of the tube in a comfortable position. 

You will find the low power eyepiece the most 
satisfactory, on the whole, for general use. Should 
you get an exceptionally fine night for observing 
make the most of it by testing out your glass 
with the high power eyepiece. 

Lastly, remember that the telescope is a scien- 
tific instrument. Take good care of it and it 
will never cease to offer you many hours of keen 
enjoyment, and a source of pleasure in the 
contemplation of the beauties of the firmament 
that will enrich and ennoble your life. 
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CHRONOLOGY 


The science of Astronomy is without doubt the 
oldest of the true sciences. Its early history, 
like that of most histories, is lost in the depths of 
time, but the records of the ancients carry it 
dimly to about five thousand years ago. These 
records, moreover, are such that they demon- 
strate a close study for centuries previous. 

Unquestionably the rising and setting of the 
Sun and the Moon, and the phases of the latter, 
the most evident of celestial phenomena, must 
have caused a wonderment and thought at the 
very dawn of human intelligence. From that 
first wonderment to the first astronomical records 
is a time measured only by conjecture. 

The earliest records known are those of the 
Chinese. Then come those of the Babylonians 
and the Egyptians. It is interesting to note 
that from some of the Babylonian observations, 
inscribed upon baked bricks lately excavated, it 
has been possible to obtain values of some of the 
Moon’s motions accurate enough to be of real 
assistance in a recent revision of certain lunar 
tables. 

Not till the time of the later Greek philoso- 
phers, however, do we get connected data. It 
was among the last mentioned that real obser- 
vational astronomy began. That the Greek 


450 


CHRONOLOGY 


nature philosophers devoted much thought to 
the structure of the Universe is shown by the 
fact that we can pick from their theories enough 
of what we now know to be true to give a fairly 
accurate description not only of the Solar Sys- 
tem but the Universe at large. Copernicus, who 
hundreds of years later evolved the true basic 
plan of the Solar System, credits not himself, as 
the originator of the theory, but Pythagoras 
(B.C. 569-470). 

Unfortunately for the progress of the science, 
these early philosophers propounded, with their 
average one true theory apiece, so many absurd 
conceptions that the conservative thinkers chose 
to remain supporters of a theory confirmed, or 
apparently confirmed, by what they themselves 
saw. It is for this reason that, though great 
strides were made in observational work, a 
marvelously ingenious, complicated, and sadly 
false theory of the system of the Universe was 
accepted, and held sway for centuries, being 
superseded only by the present so-called Co- 
pernican Theory after the great Kepler had 
“smoothed out the wrinkles" in this latter. 

Through the Middle Ages, the false theory, 
evolved by Ptolemy, was believed in so tena- 
ciously that the world at large refused to accept 
the true facts when they were presented. The 
removal of the Earth from the center of the 
Universe to the insignificant position of an 
attendant upon a body supposedly created 
merely to give light and heat to the Earth was 
too much for humanity to admit. Indeed, much 
was done to stamp out this new belittling doc- 
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trine. History sadly points to Galileo as an old 
man denying, under threat of torture, the cosmic 
system he knew to be true, and even more 
sadly to Bruno, previously burned at the stake 
for refusing to abandon such heretical beliefs. 

From then on, however, the path of Astronomy 
has been broad and clearly illuminated, Kepler 
and the mighty Newton being responsible, so to 
speak, for switching on the lights. It is upon 
Kepler’s demonstration of the true motions of 
the planetary bodies (and would it were possible 
to devote many pages here to this most amaz- 
ing astronomical achievement) and Newton’s 
mathematical demonstration of the universal rule 
of that Gravitation, known since early times, 
that modern Astronomy stands. 

Previous to the time of Galileo, astronomical 
instruments were of the most primitive and 
crude construction, and were, in consequence, of 
feeble assistance. After the invention of the 
telescope, and its improvement. by Galileo, these 
instruments have evolved with marvelous speed, 
until now, with the amazingly accurate measur- 
ing attachments to the telescope; that greatest 
wonder of all the ages, the spectroscope, the 
analyzer of light; and the photographic plate, 
that magic recorder of the faintest impression of 
light; and latest, the interferometer, it seems that 
we have reached the limit of the science of optics. 
However, that some still more marvelous in- 
vention will appear seems, from analogy, to be 
almost certain. Many times before has Man 
been at the apparent limit of his abilities, only 
to step boldly and successfully beyond. 
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Directly following is a chronology of the main 
events of Astronomy. For the first part it is 
necessarily general and broad; but from the 
time of Copernicus to the present, it is given 
according to the accepted historical dates. 


CHRONOLOGICAL TABLE 


A few ancient records have come down to Previous to 


us, which demonstrate the fact that even in the 5th 
those remote years astronomy was by no Century 
means a new science. B.C. 


There are reports of celestial spheres made 
in China in the 29th century B.c. and another 
in the 23d century B.c. 

It is said that in 2513 B.c. the Emperor 
Chueni of China recorded a conjunction of 
five planets, and that Yao gave instructions 
to his astronomers to determine the positions 
of the Equinoxes and the Solstices; also that, 
at this time, the calendar year was of 365 
days with an added day every four years, as 
in our present calendar. 

In 2159 (?) B.c. two Chinese Royal As- 
tronomers were put to death for neglecting 
to predict an eclipse. 

Records have been found of comets and 
eclipses running back to 1640 B.c. 

The Saros or eclipse cycle used by the 
Egyptians and Chaldeans. 

Thales (639-546 B.c.), the Greek nature 
philosopher, explains the phases of the Moon, 
and measures the angular diameter of the 
Sun. 

Parmenides shortly afterward declares the 
Earth to be a sphere. 

Pythagoras (569-470 B.c.) deduces the 5th Century 
theory of planetary motions, which Coperni- B.C, 
cus later revised. 
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Meton (432 В.С.) introduces calendar 
reform. The Metonic cycle is still used to 
determine the date of Easter. 

Democritus (470-2 В.С.) evolves true general 
conception of the Universe. 

Heraclitus supposes Earth to rotate upon 

axis, 


4th Century Callipus (330 В.С.) corrects eclipse cycle. 


Bsc: 


2d Century 
B.C. 


2d Century 
A.D. 


Aristarchus (320-250 В.С.) measures dis- 
tance of the Sun. 

Eratosthenes (276-196 B.c.) measures Earth 
and inclination of the axis to the ecliptic. 

Aristillus and Timocharis fix positions of 
zodiacal stars. 

Hipparchus (190-120 B.c.) founds real 
observational astronomy; again measures in- 
clination of axis; remeasures length of year; 
computes lunar tables; observes first recorded 
"new star"; makes first great star charts 
discovers precession of equinoxes; invents 
trigonometry. 

Ptolemy (139-161) formulates his theory of 
celestial motions. 


7th Century  Alexandrian library burned by  Caliph 


Omar. 


rothCentury Moon's variation noted by Abul Wefa. 
isthCentury Ulugh-Begh makes first star catalogue since 


1473 
1480 
1543 


1546 


that of Hipparchus. 

Copernicus born. 

Astrolabe invented by Behaim. 

Copernicus publishes De  Revolutionibus 
Orbium Celestium, his great work, recalling 
as a basis the theory of Pythagoras, thus 
beginning the great advance made by as- 
tronomy in the last five hundred years. 

Copernicus dies. 

Tycho Brahe born. The most diligent and 
accurate observer since Hipparchus. He 
invented and made many instruments, 
necessarily crude, with which, however, he 
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did marvelously accurate work. Оп his 
observations were founded Keplez’s laws. 

Galileo born. 

Johann Kepler born. He assisted Tycho 
for several years, and inherited his post at 
the death of the latter. 

Tycho observes a ''new star," the first 
recorded since the time of Hipparchus. This 
stimulates him to make a star catalogue of 
great accuracy. Іп making this he uses 
corrections of his own for atmospheric re- 
fraction. 

Galileo discovers isochronism of pendulum. 

Bruno burned at the stake. 

Tycho dies. 

Brilliant “new star" observed by Kepler. 

First telescopes made in Holland. 

Galileo improves telescope. 

Kepler publishes his work Astronomia Nova, 
including the first two of his great laws of 
planetary motion. 

Four larger satellites of Jupiter, sun-spots, 
surface irregularities of the Moon, phases of 
Venus, discovered by Galileo with his tele- 
scope. Saturn’s rings also first seen by 
Galileo, but believed to be illusionary. 

John Napier publishes his invention of 
logarithms. 

Kepler evolves his Third Law. 

Kepler dies. 

Transit of Venus foretold by Horrocks. 

Galileo dies. 

Sir Isaac Newton born. 

First serious selenographic work done by 
Langrenus. 

John Flamsteed born. First Astronomer 
Royal. Maker of the first trustworthy 
catalogue of stars. 

Riccioli discovers first telescopic double 
star Mirzar. 
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1564 
1571 


1572 


1583 
1600 
1601 
1605 
1608 (?) 
1609 


1610 


1614 


1616 
1630 
1639 
1642 


1645 


1646 


1655 


1656 


1657 
1659 


1660 
1663 


1665 


1666 


1667 
1671 
1672 
1675 


1676 
1681 
1684 


1687 


1691 


1692 
1705 
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Huyghens discovers Titan, satellite vi. of 
Saturn; the largest and first to be seen. 

Huyghens describes in cipher the rings of 
Saturn. 

Edmund Halley, Second Astronomer Royal, 
born. : 

First pendulum clock made by Huyghens. 

Huyghens translates cipher on Saturn 
rings. 

Newton experiments with prism and dis- 
persion of light. 

Reflecting telescope first proposed by 
Gregory. 

Cassini notes great spot on Jupiter. 

Cassini establishes rotation periods of 
Jupiter. 

Newton makes first reflecting telescope. 

Newton establishes fact that sunlight is a 
blend of colors which a prism will disperse; 
the foundation of the spectroscope. 

National Observatory at Paris founded. 

Telescope first used as pointer by Picard. 

Cassini discovers Japetus, satellite viii. of 
Saturn. 

Cassini discovers Rhea, satellite v. of Saturn. 

Cassini discovers division in Saturn's ring. 

Time required by light to travel discovered 
and measured by Roemer. 

Royal Observatory at Greenwich founded. 

First transit instrument built by Roemer. 

Cassini discovers Tethys and Dione, satel- 
lites iii. and iv. of Saturn. 

Newton publishes his Principia, containing 
his exposition of the universal rule of the law 
of gravitation. 

Oval form of Jupiter observed by Cas- 
sini. 

Cassini makes chart of Moon. 

Halley first predicts return of a comet, the 
one now bearing his name. 
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Solar prominences first noted. 

Miraldi notes variation in brilliancy of 
Jupiter’s fourth satellite. 

Halley detects motions of Arcturus and 
Sirius. 

Halley appointed the second Astronomer 
Royal. 

Newton dies. 

Bradley publishes his discovery of the 
aberration of light. 

Herschel born. 

Halley dies. 

Heliometer invented by Savary. 

Bradley discovers that the inclination of 
the Earth’s axis is not constant (nutation). 

Achromatic lens invented by Dollond. 

Halley’s Comet upon first predicted return, 
first observed by Palitsch. 

Maskelyne, Astronomer Royal, lays foun- 
dation of Nautical Almanac. 

Bode's “Law” discovered. 

Herschel establishes rotation of Saturn. 

Herschel discovers Uranus. 

Herschel appointed Astronomer to George 
III. 

Goodricke advances correct theory, ex- 
plaining variability of Algol. 

Laplace published elements of Uranus. 

Herschel deduces motion of Sun through 
space. 

Herschel discovers two satellites of Uranus. 

Herschel's great reflector finished. 

Herschel discovers Mimas and Enceladus, 
satellites i. and ii. of Saturn. 

Large disks of flint-glass successfully made 
by Guinand. 

Laplace publishes Système des Mondes, 
containing his theories on the Nebular Hy- 
pothesis. P 

Piazzi discovers first planetoid (Ceres). 
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1706 
1707-1713 


1718 
1721 


1727 
1729 
1738 
1742 
1743 
1748 


1757 
1758 


1767 
1772 
1775-94 
1781 
1782 


1783 


1787 


1789 


1790 (?) 


1796 


18or 


1802 
1803-04 


1804 
1807 
1815 
1822 
1833 
1836 


1837 
1837-1840 


1838 
1839 


1840 
1842 


1843 
1844 


1845 


1846 


1848 
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De Zach rediscovers the lost first planetoid. 

Olbers discovers second planetoid (Pallas). 

Herschel discovers revolution of binary 
stars. 

Harding discovers third planetoid (Juno). 

Olbers discovers fourth planetoid (Vesta). 

Frauenhófer first measures lines in solar 
spectrum. 

Herschel dies. 

Stower measures diameter of Jupiter’s 
largest four satellites. 

Vast meteoric shower in America. 

Hopkins Observatory, Williams College, 
founded; oldest in America. 

Chart of Moon made by Beer and Maedler. 

Bessel first successfully measures stellar 
parallax. 

Sun-spot periodicity discovered by Schwabe. 

Pulkowa Observatory completed. 

Harvard College. Observatory founded. 

Canals on Mars first indicated in drawings 
by Beer and Maedler. 

Doppler evolves method of measuring 
velocity in line of sight of luminous body. 

Schwabe announces Sun-spot periodicity. 

Bessel pronounces Sirius and Procyon 
binary systems with dark or very faint com- 
panions. 

First photograph of Sun taken; a daguerreo- 
type by Foucault and Figeau. 

Fifth planetoid discovered. 

Lord Rosse's great 6 ft. reflector built. 

Adams completes calculations of Neptune's 
position. 

Le Verrier completes computation of-posi- 
tion of Neptune. 

Neptune found by Galle. 

Satellite of Neptune discovered by Lassell. 

Biela's comet observed to split. 

Hyperion, satellite vii. of Saturn, discovered 
simultaneously by Bond and Lassell. 
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Bond successfully photographs Moon. 

Solar prominences proved appendages of 
the Sun not Moon. 

Lamont connects variation of compass with 
sun-spot period. 

Lassell discovers two more satellites of 
Uranus. 

Foucault ‘“ pendulum-experiment” proving 
rotation of Earth. 

“Magnetic Storms” found to be periodic. 

De la Rue first uses collodion process in 
astronomical photography. 

De la Rue first uses stereoscope. 

Second return, after prediction, of Halley’s 
Comet. 
‚ De la Rue constructs first photoheliograph. 

Bond first photographs double star Mirzar. 
Donati’s Comet. 

Reversal of spectrum lines experimentally 
explained by Kirchoff. 

Clark discovers companion to Sirius. 

Velocity of light found experimentally by 
Fizeau and Foucault independently. 

Rotation of Mars deduced by Kaiser. 

Carrington establishes the unequal rota- 
tion of the solar surface. 

Nebula first studied by spectroscope. 

Donati first observes spectrum of comet. 

Spectrum of nebula first observed by 
Huggins. 

Spectrum of sun-spot compared with that 
of solar surface by Lockyer. 

Return of Leonid meteorites. 

Le Verrier computes elements of Leonids. 

Helium found in the Sun. 


- Huggins measures velocities of stars in line | 


of sight. 

Spectroscope first used in eclipse of Sun. 
Solar prominences viewed by Jansen for first 
time without eclipse. 
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1850 
1851-1860 


1851 


1852 
1853 
1854 
1857 


1858 
1859 


1862 


1863 


1864 


1866 


1867 
1868 


1869 
1876 


1877 


1877-89 


1878 
1881 


1882 
1887 


1888 
1889 


1890 
1892 


1894 


1895 


1896 


1807 
1808 


1901 
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Dawes makes first good map of Mars. 

Gelatine dry plates first used in astronomi- 
cal photography, by Huggins. 

Schiaparelli first maps Martian “Canals.” 

Satellites of Mars discovered by Hall. 

Leverrier dies never having observed Nep- 
tune. 

Gill more correctly ascertains distance of 
Sun by improved heliometer. 

Jupiter’s "Great Red Spot" first observed. 

Sir W. M. H. Christie, Eighth Astronomer 
Royal, takes up duties. 

Gill makes first comet photograph, and 
originates stellar chart-photography. 

Great photographic star map started by 
E. C. Pickering. 

Lick Observatory completed. 

Vogel observes orbital motion of Algol by 
means of spectroscope. 

Pickering detects first spectroscopic binary, 
Mirzar. 

Schiaparelli announces rotation periods of 
Venus and Mercury. 

Dr. Anderson discovers “Nova Auriga." 

Barnard discovers Jupiter’s fifth satellite. 

Sun-spots proved not always depressions, 
by Howlett. 

Lowell Observatory founded. 

Constitution of Saturn's rings proved by 
spectroscope (Keeler). 

Helium isolated on the earth. 

X-Rays discovered by Roentgen. 

Companion to Procyon discovered by 
Schaeberle. 

Yerkes Observatory opened. 

Pickering discovers, by photography, 
Pheebe, satellite ix. of Saturn. 

Eros, the nearest planetoid, discovered by 
Witte. 

Dr. Anderson discovers ‘‘ Nova Persei.” 
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Sun photography improved by Hale and 
Deslandres independently. 

Mt. Wilson Solar Observatory founded. 

Jupiter’s sixth and seventh satellites dis- 
covered by photography at the Lick Observa- 
tory. 

Pickering discovers, by photography, The- 
mis, satellite x. of Saturn. 

Einstein announces special theory of rela- 
tivity. 

Lampland of the Lowell Observatory im- 
proves plates for spectroscope work. 

Slipher of the Lowell Observatory success- 
fully photographs Martian Canals. 

Eighth satellite of Jupiter discovered by 
Melotte. 

W. H. Pickering announces the probability 
of a trans-Neptunian planet. 

The photoheliometer invented by Poor. 

Campbell announces that his investigations 
showed an inappreciable amount of water 
vapor on the planet Mars. 

Third (since prediction) return of Halley’s 
comet. On night of May 18th the earth 
passes through the plane of its orbit. 

The following noted astronomers died dur- 
ing the year: Sir William Huggins, G. V. 
Schiaparelli, J. G. Galle. 

Greenwich time adopted in France. 

Dr. Gonnessiat rediscovers Encke’s comet. 

Total eclipse of the sun April 28th. 

Proxima Centauri discovered by Innes. 

American Association of Variable Star Ob- 
servers founded. 

A spectroscopic determination of the period 
of rotation of the planet Venus made by M. 
Belopolsky. It was found to be about one day. 

Two nove discovered in Gemini. 

The 30” refractor of the Allegheny Observa- 
tory completed. 
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1903 


1904 
1905 


1907 


1908 


1909 


1010 


тдїї 


1012 


1913 


1014 


1915 


1016 


1916-7 


1017 


1018 


1919 


1920 
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Kohlschütter develops method of deter- 
mining absolute magnitudes of stars from 
their spectra. 

Variability of two of Saturn’s satellites 
discovered at Lowell Observatory. 

The presence of a general magnetic field in 
the sun confirmed at Mt. Wilson. 

Ninth satellite of Jupiter discovered by 
Nicholson of the Lick Observatory, from 
plates made іп 1014. 

The Crepe ring of Saturn measured at the 
Lowell Observatory. 

Return of Winnecke’s comet. 

Einstein announces general Theory of 
Relativity. 

Dr. Coblentz announces that red stars emit 
far more radiation than blue stars of the 
same magnitude. 

Slipher of Lowell Observatory demonstrates 
rotation of spiral nebulae. 

Slipher measures radial velocities of nebule. 

Percival Lowell dies. 

Е. С. Pickering announces that the light of 
the planet Uranus is slightly variable. 

Barnard discovers his ‘‘proper-motion”’ star. 

Nova discovered in the constellation Aquila 
June 8th. 

Total eclipse of the sun May 29th. 

Displacements of stellar images claimed as 
a proof of Relativity Theory. 

Two nove discovered in the Andromede 
nebula. 

E. C. Pickering dies. 

Abbott announces that the sun is variable. 

A new method of photographing extremely 
faint objects announced by Professor Chapley. 

Hale and Pease apply the interferometer to 
the 100” reflector at Mt. Wilson, and make 
first measurements of the diameter of a star, 
Betelgeuze. 
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Approximately 2000 hitherto unknown neb- 
ше discovered by Donald Н. Menzel, Harvard 
College Observatory Station at Arequipa, 
Peru. 

Total solar eclipse September 21st. 

Campbell succeeds in measuring amount of 
curvature in a ray of light passing through a 
gravitational field. 

A nova in the constellation Cygnus an- 
nounced by the Astronomer Royal of Great 
Britain. 

E. C. Barnard dies. 

C. G. Abbott succeeds in measuring the 
heat of the stars to the hundred millionth of 
a degree at Mt. Wilson. 

A faint companion star to omicron Ceti 
discovered. 

D. C. Miller succeeds at Mt. Wilson in 
detecting a definite ether drift; strong evi- 
dence that the Einstein theory is not abso- 
lutely correct. Adams finds Einstein effect 
of light retardation strongly confirmed by 
companion to Sirius. 

Conclusion reached that the spiral nebulae 
are island universes a million light years, or 
more, distant. 

Discoveries made by Millikan relating to 
the structure of the atom. 

Variable star Mira found to have a diameter 
of over 250 million miles. 

C. E. St. John discovers that the companion 
of Sirius has about the volume of the planet 
Uranus. 

Nova in Pictoris, the most brilliant in 
recent years. 

Yale University establishes new Observa- 
tory in South Africa. 

F. H. Seares completes photographic survey 
of the heavens and concludes that the total 
number of stars is at least thirty trillion. 
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1923 


1924 


1925 


1926 


1926 


1927 


1928 
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Shapley announces that the cluster Messier 
61 is ten million light years distant. 

Drs. Adams and St. John estimate that the 
hemisphere of the planet Mars turned toward 
the earth is as dry as the Sahara desert. The 
water vapor in the atmosphere is less than 3% 
that in the clear air of Pasadena, Cal. The 
temperature ranges between noon and mid- 
night from 75° above zero to 40° below. 

R. A. Millikan announces the discovery of 
a new type penetrating rays which reach the 
earth from outer space. 

Edwin B. Frost announces that helium 
stars travel only about one-fourth as fast as 
yellow stars. 

It was announced that though the volume 
of the star Betelgeuze is fifty million times 
that of the sun, its mass is only fifty times 
that of the sun. 

Stebbins announces that the four bright 
moons of Jupiter rotate on their axes in the 
same time that it takes them to revolve 
around their planet. 

Bowen announces that the gaseous nebule 
in the Milky Way are composed of oxygen 
and nitrogen in an ionized condition, the 
combination proving to be the long sought 
for ‘‘nebulium.” 
` Adams and Russell succeed by means of 
a new spectrograph in securing stellar spectra 
almost as detailed as those of the standard 
spectra of the sun. 

Antares and Betelgeuze found to have an 
atmosphere perhaps a hundred times as dense 
as that of the sun. 

Shapley announces the location of the center 
of "the greater Galactic system’’ in the gen- 
eral direction of the constellation Scorpius 
25,000 light years distant. 

Nicholson announces finding the element 
boron in the sun. 
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Pettit announces a close relationship be- 
tween the amount of ultra-violet rays in the 
sun’s light and the number of sun spots. 

Shapley announces evidence that many if 
not all of the stars are surrounded by meteors 
and comets. 

Einstein announces his new Field Theory. 

Spectra of very distant nebula secured by 
Humason at Mount Wilson indicate either 
terrific recessional velocities or the effect on 
light waves of the "curvature of space-time," 
this effect having been suggested by Hubble. 

Discovery of Pluto, the trans-Neptunian 
planet, by the Lowell Observatory. 

Adler Planetarium (first to be constructed 
in the United States) opened in Chicago. 

Eddington asserts the truth of the “ex- 
ploding universe" theory. 

New type “thermionic tube" developed by 
Dr. Joel Stebbins and his assistants, increas- 
ing greatly the possibilities of photographic 
study of distant nebula. 

Lens for the proposed 200-inch reflecting 
telescope poured into mould. 

Nova in Ophiucus. Adams and Joy of Mt. 
Wilson report finding in its spectrum lines 
hitherto found only in solar corona. 

Shapley announces that those portions of 
the universe relatively near the Earth are 
not expanding. 

Nova discovered in Hercules, with alter- 
nating periods of brilliance and faintness. 

V. M. Slipher and A. Adel announce that 
the atmosphere of. Jupiter, Saturn, Uranus 
and Neptune is chiefly methane (marsh gas). 

Mt. Wilson reports photographing a spiral 
nebula distant 500,000,000 light years. 

Hayden Planetarium opened in New York. 

Nova discovered in Cepheus. 
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1929 


1930 


1930 
I93I 


1933 


1934 


1935 


.1936 
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THE NAMES OF THE STARS AND THEIR 
MEANINGS 


It will be noted that the date of culmination is given 
in almost every case. By culmination is meant the highest 
point reached by a heavenly body in its path, at which 
point it is said to be on the meridian or due south. In 
this hemisphere this is in each case the highest point north. 

For example:—the culmination of the sun occurs at noon. 

The time when the stars here mentioned culminate on 
the dates specified is in each case nine o’clock P.M. 


ACUBENS, а Cancri, ‘‘the claws.” 
Situated in one of the Crab’s claws. It is white in 
color and culminates March 18th. 

A-DAR'-A, е Canis Majoris, "the virgins,” a name for four 
stars, of which Adara is brightest. 
Situated in the Dog’s right thigh. It is pale orange in 
color, and culminates Feb. 11th. 


ADHIL, е Andromeda, “ће train of a garment.” 
Situated in the left shoulder of the chained lady. 


ALADFAR, и Lyre, "the talons" (of the falling eagle). 
(al-ad-far) 


Ат, BALI, e Адиағй, “the good fortune of the swallower.” 


AL-BI’-REO, В Cygni, origin doubtful. Means the beak of 

or the hen. Situated in the beak of the Swan and 

Al-bir’-é-o the base of the Cross. Its color is topaz yellow, 
and it culminates Aug. 28th. 


ALCAID, 7 Ursc. Majoris. 
See Benetnasch. 


ALCHIBA, а Corvi, “the tent," the desert title for the con- 
(al-ké-ba’) stellation. Situated in the eye of the Crow. 
Orange in color. 
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ALCOR, g Urse Majoris, "the cavalier" or "the rider." 

(al'-kór) Situated close to Mizar in the handle of the 
"Dipper." Silver white in color. The Arabs 
called this star ''Saidak," meaning “the proof,” 
because they used it to test a good eye. 


AL-CY'-o-NE, 7 Tauri. 
Greenish yellow in color. The brightest of the 
Pleiades. Situated in the neck of the Bull. 


AL-DEB’-A-RAN, а Tauri, "the hindmost” or the ‘‘fol- 
lower," 7. e. of the Pleiades. 
Situated in the eye of the Bull. Pale rose in color. 
It is receding from the earth at the rate of thirty 
miles per second, and culminates Jan. roth. 
a Tauri is sometimes called Palilicium. 


ALDERAMIN, а Cephei “the right arm." It now marks 
(Al-der-am'- the shoulder of Cepheus. 
in) White in color. It culminates Sept. 27th. 


ALDHAFERA, ¢ Leonis. 
Situated in the “Sickle,” and the neck of the Lion. 
It culminates April 8th. 


ALFIRK, or ALPHIRK (al-ferk’), “stars of the flock," В 
Cephei. 
The Arab name for the constellation. 
Situated in the girdle of Cepheus. 
White in color. = It culminates Oct. 2d. 


ALGEIBA, у Leonis, "the mane." 

(al-jé-ba) Situated in the “Sickle,” and the shoulder of 
the Lion. It is approaching the earth at the 
rate of twenty-four miles per second, and 
culminates April 9th. 


AL'-GE-NIB, у Pegasi, the wing," розу the “flank” or 
Е “зае,” 
Situated in the wing of the Horse. White in color, 
and culminates Nov. 14th. 
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AL'-GE-NIB, a Perséi, "the side," or Mirfak, “е elbow." 
Situated in the right side of Perseus. Lilac in color 
and approaching the earth at the ratei of six miles 
per second. It culminates Jan. 156. This star is also 
called Alchemb: 


ALGENUBI, е Leonis, "the head of the Lion.” 
(al-je-nó'-bi) A yellow star situated in the Lion's mouth. 


Ar'-GoL, B Persei, “(һе ghoul"' or " demon." 
Situated in the head of the Medusa held in the Hero's 
left hand. White in color. It is approaching the 
earth at the rate of one mile per second, and culmi- 
nates Dec. 23d. 


ALGORAB, ог ALGORES, (5) Corvi, “ће raven.” 
(al-go-rab’) Situated on the right. wing of the Crow. 
Pale yellow in color. It culminates May 14th. 


ALHENA, Y Geminorum, “а brand on the right side of the 
(al-hen’-a) camel's neck," or a "ring'^ or “circlet.” 
Situated in the left foot of Pollux. White in 
color, and culminates Feb. 8th. 
Alhena is sometimes called Almeisam. 


AL-1-0TH, е Urse Majoris, disputed derivation. 
Situated in the tail of the Great Bear. It is approach- 
ing the earth at the rate of nineteen miles per second. 
It culminates May 20th. , 
Alioth, the name sometimes given to а and 0 Ser- 
pentis. À 


AL-KAID, See ALCAID. 
(al-kad) 


ALKALUROPS, и Boótis, “а herdsman’s club, crook, or 
(al-ka-lü'-rops) staff.” 
Situated near the right shoulder of the 
Herdsman. Its color is flushed white. 
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ALKES, а Crateris, from Al Kas, “the cup," the Arab 
(al’-kes) пате for the constellation. 
Situated in the base of the Cup. Orange in 
color, and culminates April 20th. 


ALMAC, у Andromeda, “а badger,” possibly “е boot." 
Situated in the left foct of Andromeda. Orange in 
color, and culminates Dec. 8th. 


AL Naam, т and у Pegasi, “the cross bars over a well." 


Ат, Nast, ог ErNasL (el-nas'-l), y Sagittarii, "the point 
(al-nas'-l head of the arrow." 
Situated in the arrow’s tip. It is yellow in 
color, and culminates Aug. 4th. 
This star sometimes called Nushaba and 
Warida. 


Аг, Nata, y Aurige, and B Tauri, “the heel of the rein- 
Or holder," or the "butter," т. e. the "horn." 
Natu Situated in the right foot of the Charioteer, and 
the tip of the northern horn of the Bull. Brilliant 
white in color, and culminates Dec. rrth. 


ALNILAM, е Orionis, “а belt of spheres or pearls." 

(al-ni-lam’) Situated in Orion's belt. It is bright white 
in color, and is receding from the earth at 
the rate of sixteen miles per second. It cul- 
minates Jan. 25th. 


ALNITAE, { Orionis, “the girdle.” 

(al-ni-tak’) Situated in Orion's belt. Topaz yellow in 
color. It is receding from the earth at the 
rate of nine miles per second, and culminates 
Jan. 26th. 


Ar-NivAT, с Scorpii, “ће outworks of the heart." 
Situated near the Scorpion's heart. It is creamy 
white in color. 


AL'-PHARD, а Hydre, “the solitary one in the serpent.” 
Or Situated in the heart of Hydra. Orange in 
(al-fard’) color, and culminates Mar. 26th. The Chinese 
call this star “the Red Bird.” 
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AL-PHEC'-CA, а Corone Borealis, "the bright one of the 
dish." 
See Gemma. Century Dictionary gives meaning 
"the cup or platter of a dervish." 


AL'-PHE-RATZ, а Andromede “the head of the woman in 
or (al-fe-rats’) chains." “Тһе navel of the horse.” 
Situated in the head of Andromeda. 
White and purplish in color. It culmi- 
nates Nov. roth. 
Alpheratz is sometimes called Sirrah. 


AL-PHIRK, В Cephei, from al-Firk, the flock. 


Ar. Rakis, и Draconis, “ће dancer." 
Situated in the Dragon’s nose. Brilliant white in 
color. The Century Dictionary gives for this star 
Arrakis, "the trotting camel." 


AL REsCHA, а Piscium, “ће cord or knot.” 
Situated in the knot joining the ribbons that hold the 
Fishes together. Pale green in color, and culminates 
Dec. 7th. 


ArsAFI с Draconis. 


ALsCHAIN, 8 Aquile, part of the Arab name for the con- 
(al-shan’) stellation. 
Situated in the head of Antinoüs. Pale orange 
in color, and culminates Sept. ad. 


Ат, Swat, v Capricorni, “ће sheep." 


AL'-TAIR, or ATAIR, а Ади йе, "the flying eagle," part of 
the Arab name for the constellation. Situated in the 
neck of the Eagle. Yellow in color, and culminates 
Sept. 1st. 


ALTERF А Leonis, “the glance," i. e. the Lion's eye. 
(al-terf/ Situated in the Lion’s mouth, the point of the 
Sickle. Red in color. 
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ALUDRA, 7 Canis Majoris, “ the virgins.” The four stars 
(al-6’-dra) near each other in Canis Major. 
Situated in the Great Dog's tail. Pale red in 
color, and culminates Feb. 215%. 


ALULA Boreatts, » Urse Majoris. 

ALULA AUSTRALIS, © “ À The “northern and 
southern wing.” 
Situated in the Southern hind foot of the Great Bear. 
The latter star is sometimes called El Acola. 


Ат/-УА, 0 Serpentis. 
Situated in the tip of the Serpent's tail. Pale yellow 
in color. It culminates Aug. 18th. 


ANCHA, 0 Aquarii, "the hip." 
Situated in the right hip of Aquarius. 


ANT-AR-ES, or AN-TA'-REZ, а Scorpii, the rival of Mars." 
Situated in the heart of the Scorpion. . Fiery red and 
emerald green in color. It culminates July 11th. 


Arc-TU-RUS, а Boötis, “the leg of the lance-bearer," or 
“the bear-keeper.”’ 
Situated in the left knee of the Herdsman. Golden 
yellow in color. It culminates June 8th. 


ARIDED, See DENEB. 


ARNEB, а Leporis, “the hare," the Arab name for the con- 
(àr'-neb) stellation. 
Situated in the heart of the Hare. Pale yellow 
in color. It culminates Jan. 24th. 
a Leporis is sometimes called Arsh. 


ARKAB, В Sagittarii, "the tendon uniting the calf of the 
(ar’-kab) leg to the heel.” 
Situated in the Archer's left fore leg. 


ASHFAR, и and e Leonis, “ће eyebrows.” 
Situated close to the Lion's right eye. и orange in 
color, sometimes called Alshemali or Asmidiske. 
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ASPIDISKI or ASMIDISKE, ¢ Argus, “іп the gunwale.” 
(as-pi-dis’ke) Situated in the shield which ornaments the 
vessel’s stern. Pale yellow in color. 
The Century Dictionary gives ‘‘a little 
shield’’ as the meaning for this star name. 


ASCELLA, ¢ Sagittarii, “ће armpit.” 
Situated near the Archer’s left armpit. It culminates 
Aug. I9th. 


ASCELLUS, 0 Boötis. 


It marks the finger tips of the Herdsman's upraised 
hand. 


ASCELLUS BoREALis, > Cancri, “ northern ass." 
Straw color. 


AscELLUs AUSTRALIS, д Cancri, "the southern ass.” 
Situated on the back of the Crab. Straw color. 


ATIK, o Persei. 
Situated in the wing on the right foot of Perseus. 


AZELFAFAGE, т Cygni, "the horse's foot or track.” 


Azua, n Eridani, "the ostrich’s nest." 
Pale yellow in color. 


BAHAM, 6 Pegasi, “ће young of domestic animals." 
Situated near the left eye of Pegasus. 


BATEN Kaitos, { Сей, "the whale’s belly.” 
A topaz-yellow colored star, which culminates Dec. 
5th. 


Вет (ba’-id), o Eridani, "the egg.” 
A very white star. 


BEL’-LA-TRIX, у Orionis, “the female warrior.” Тһе 
Amazon star 
Situated in the left shoulder of Orion. Pale yellow in 
color. It is receding from the earth at the rate of six 
miles per second, and culminates Jan. 22d. 
The Century Dictionary gives the color as very white. 
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BE-NET’-NASCH, n Urse Majoris, "the chief or governor 
of the mourners” (alluding to the fancied bier). 
Situated in the tip of the Great Bear’s tail. Brilliant 
white in color. It is approaching the earth at the rate 
of sixteen miles per second, and culminates June 2d. 
This star is also called Alkaid, from al-kaid, “һе 
Governor.” 


BETELGEUZE (Bet-el-gerz’), а Orionis, "the giant’s 
shoulder,” or “the armpit of the central one.” 
Situated in the right shoulder of Orion. Orange in color. 
It is receding from the earth at the rate of thirteen 
miles per second, and culminates Jan. 29th. 
Sometimes called Mirzam, the roarer. 


BorTEIN, 6 Arietis, “the little belly.” 
(bo-te-in^) 


Ca-PEL'-LA, а Auriga, "the she-goat." 
Situated in the left shoulder of the Charioteer. It is 
a white star, and is receding from the earth at the 
rate of nineteen miles per second. It culminates Jan. 
19th. The color of Capella is nearly that of the sun. 


САРИ, В Cassiopeia, “the camel's hump,” or “the hand." 
(kaf) It is white in color, and culminates Nov. 11th. 


Cas'-TOR, а Geminorum, “the horseman of the twins.” 
Its color is bright white, and it culminates Feb. 23d. 
Situated in the head of Castor. The Century Dic- 
tionary gives the color as greenish. | 


CHELEB, В Ophiuchi, also CEB’ELRAI from kelb, the shep- 
herd’s dog. ; 
Situated in the head of the Serpent. It is a yellow 
star, and culminates Aug. 30th 


Сновт, 60 Leonis. 

(chórt) Situated in the hind quarters of the Lion. It 
culminates April. 24th.. The Century Dictionary 
has 0 Centauri for.this, star. 
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Cor CAROLI, а Can. Ven., “the heart of Charles II.” 

(kór kar’-6-li) It is flushed white in color, and culminates 
May 20th. A yellowish star according to 
the Century Dictionary. 


CuJAM, e Herculis. Word used by Horace for the club of 
Hercules. 


Cursa, В Eridani, “the footstool of the central one," or 
(ker’-sa) “(һе chair or throne." 
Situated about at the source of the river near 
Orion. Topaz yellow in color, and culminates 
January 13th. This star is also known: as.Dhalim 
(Tha'-lim) (‘the ostrich”). 


Dasin, В Capricorni, "the lucky one of the slaughterers,’’ 
(dà'-be) ог ''the slayer’s lucky star.” 
Situated in the head of the Sea-Goat. It is an 
orange-colored star, and culminates Sept. roth. 


DE'-NEB, or ARIDED (ar'-i-ded) a Cygni, "the hen's tail," 
“the hindmost.” 
Situated in*the tail of the-Swan, and. at the top of the 
Cross. Brilliant white in color. It is approaching the 
earth at the rate of two miles per second. It culmi- 
nates Sept. 16th. 


DENEB AL ОКАВ, e and ( Aquile, “the eagle's tail." 
(den'-eb al 6-kab) 


DENEB ALGEDI, $ Capricorni, “the tail of the goat." ' 
(den’-eb al’-jé-dé) Situated in the tail of the Sea-Goat. 


DENEB AL SHEMALI, ( Сей. 

(den'-eb al she-má'-le) A bright yellow star situated at the 
tip of the northern fluke of the 
monster's tail. 


DENEB Kaitos, В Сей, “the tail of the whale," . 

(den’-eb -ki'ztos) Situated in-the-tail of the"Whale. It is 
a yellow star, and culminates Nov. 21st 
This star sometimes called Diphde 


474 


NAMES OF STARS 


DE-NEB'-0-LA, В Leonis, “the lion’s tail.” 
It is a blue star which is approaching the earth at the 
rate of twelve miles per second. It culminates May 
3d. This star also called Dafirah, and Serpha. 


Г<снсвва, д Scorpii, “the front of the forehead." 
In the head of the Scorpion. It culminates July 4th. 


DstiBAN, y Draconis. 
Pearly white in color. 


Dus’-HE, а Urse Majoris, “а bear." 

(dób'-he) The northern pointer star. It is a yellow star, 
and is approaching the earth at the rate of 
twelve miles per second. It culminates April 
21st. The Arabs called the four stars in the 
Dipper the '' bier." 


Er NATH B Tauri, the one who butts. This star is receding 
at the rate of five miles a second. 


ELTANIN, or ETANIN (et'-à-nin), y Draconis, “the dragon,” 
“the dragon's head.” 
It is orange in color and culminates Aug. 4th. 
Rasaben is another name for this star. 


E’-niF, or en’-if, е Pegasi, “the nose." 
Situated in the nose of Pegasus. It is a yellow star, 
which is receding from the earth at the rate of five 
miles per second, and culminates Oct. 4th. 
This star was also called fum-al-far-as, “the mouth 
_of the horse.” 


ER RAI, у Cephei, “the shepherd.” 
(er ra’-€) Situated in the left knee of Cepheus. It is 
yellow in color and culminates Nov. roth. 


FOMALHAUT (f0’-mal-6) (disputed pronunciation), a Piscis 
Austri, “the fish's mouth.” 
Situated in the head of the Southern Fish. It is 
teddish in color, and culminates Oct. 25th. 
This star was also known as the first frog, the second 
frog being 8 Ceti. 
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Furup, or Рновор (fu-rod) ¢ Canis Majoris, “ће bright 
single one." It is light orange in color. 
Situated in the left hind paw of the Greater Dog. 


Gem’-mA, а Corone Borealis, “а bud." 
The brightest star in the Northern Crown. It is 
brilliant white in color, and is receding from the earth 
at the rate of twenty miles per second. It culminates 
June 28th. This star is also known as Alphecca and 
Alfeta. 


GIANSAR А Draconis, "the twins," “the poison place." 
Situated in the tip of the Dragon’s tail. An orange- 
colored star. It culminates April 28th. 


GIEDI, а Capricorni, also called Algied’-i, the goat. 
Situated in the head of the Sea-Goat. It is a yellow 
star, and culminates Sept. oth. 


GIENAH, у Corvi, "the right wing of the raven.” 
Situated in the Crow’s wing. It culminates May roth. 


GIENAH, е Cygni, "the wing." 
Situated in the Swan's wing. It is a yellow star, and 
culminates Sept. 17th. 


GoMEISA, GOMELzA, В Canis Minoris, ' Watery-eyed, 
(60-11-74) weeping.” А white star. 
Situated in the neck of the Lesser Dog. 


GRarrFIAs, В Scorpii, derivation unknown; the name may 
mean ‘‘the crab." This star was also called Ak'rab, 
the Scorpion. It is a pale white star, and culminates 
July 5th. Situated in the head of the Scorpion. 


Сксмгом, £ Draconis, “ће dragon’s under jaw." 
gró'-mi-um) A yellow star. 


HaM'-AL, a Arietis, "the head of the sheep.” | 
ог Situated in the forehead of the Ram." It is 
(ha-màl) yellow in color, and is approaching the earth 
at the rate of nine miles per second. It cul- 
minates Dec. 11th. 
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Номам, ¢ Pegasi, ‘‘the lucky star of the hero, or the 
(ho-mam’) whisperer.” 
Situated in the neck of Pegasus. Light yellow 
in color. It culminates Oct. 22d. The Cen- 
tury Dictionary gives this star name to 7 
Pegasi. 


Нүлром I, y Tauri. 
Situated in the Hyades, the nose of the Bull. A yel- 
low star. 


IzAR, Мтвасн, or MIZAR, e Boötis, “the girdle.” 

(ē-zär) Pale orange іп color. It is approaching the earth 
at the rate of ten miles per second, and culminates 
June 16th. A beautiful colored double star. 


JABBAH, > Scorpii, crown of the forehead." 
(jab’-ba) А triple star. 


Kaus AUSTRALIS, е Sagittarii, “the southern part of the 
(kás) bow." 
An orange-colored star. It culminates Aug. 8th. 


Kaus BOREALIS, ^ Sagittarii, “the northern part of the 
(Кёз) bow.” Orange color. 


КІТАГРНА, а Equulei, the Arab name for the asterism. 
In the head of the Little Horse. It culminates 
Sept. 24th. 


Ко”-снав, В Urse Minoris, "the star of the North.” 

(ko-kàáb') Situated in the right shoulder of the Little 
Bear. One of the two Guardians of the Pole. 
It is reddish in color, and is receding from the 
earth at the rate of eight miles per second. 
It culminates June r9th. 


Kornepuoros, B Herculis, the Arab name for the con- 
stellation. 
Situated in the right armpit of Hercules. Pale yel- 
low in color. It is approaching the earth at the rate 
of twenty-two miles per second. It culminates July 
12th. 


477 


FIELD BOOK OF THE SKIES 


LESUTH, v Scorpii, “the sting." 
Situated in the tip of the Scorpion’s tail. It culmi- 
nates July 27th. 


МАКЕАК, 0 Cassiopeia, “the elbow." 
(mar’-fak) Situated in the left elbow of Cassiopeia. This 
star name is also given to «Cassiopeia. 


Marric, ^ Ophiuchi, “the elbow.” 
(mar’-fik) Situated in the left elbow of the Serpent Bearer. 
Yellowish white in color. 


Marrik, ог Marsic, к Herculis, “the elbow." 
(már'-fik) Situated in the right elbow of Hercules. Light 
yellow in color. 


Mar’-KaB, а Pegasi, Arab word for "saddle." Century 

(már'kab) Dictionary gives “а wagon” or "chariot." 
Situated in the base of the Horse's neck. It 
is a white star which is receding from the 
earth at the rate of three quarters of a mile 
a second. It culminates Nov. ad. 


MARKEB, к Argus. 
Situated in the stern of the Ship. It culminates 
Mar. 25th. 


MarsyM, à Herculis, “the wrist.” 
Situated in the left wrist of Hercules. Deep yellow 
in color. 


MATAR or Sap (Säd), “a lucky star,” or more fully, Sad- 
Mator, n Pegasi, “the fortunate rain.” 
Situated in the left foreleg of Pegasus. 


Mesusta, Messuta (Meb-só'-ta) or MEBOULA, е Gemi- 
norum, “the outstretched.” 
A brilliant white star situated in the right knee of 
Castor. 


Mepia, or Kaus Menta, ô Sagittarii, “middle (of the) 
bow.” 
Orange yellow in color... It culminates Aug. 8th. 
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ME-GRES, or (Mé’-grez), 5 Urse Majoris, “the root of the 
bear's tail.” 
It is a pale yellow star, and culminates May roth. 
This star is the faintest of the seven which form the 
Dipper. 


MzisSA, A Orionis. 
Situated in the face of the Giant Hunter. Pale white 
in color. 


MEKBUDA, ¢ Geminorum, “the contracted (arm)." 
(mek-bü'-dà) Situated in the left knee of Pollux. Pale 
topaz in color. 


MENKALINAN, В Auriga, “the shoulder of the rein-holder 
(men-ka-]é-nan' or driver.” 
or Situated in the right arm of the Char- 
men-kal’-i-nan)  ioteer. А lucid yellow star which is 
receding from the earth at the rate of 
seventeen miles per second. It culmi- 
nates Jan. 29th. This star was one of 
the first discovered and most remarkable 
“spectroscopic binaries.” 


МЕмкав,а Ceti, “the nose, or snout.” 

(men’-kar) Situated in the nose of Cetus. Bright orange 
in color. It culminates Dec. 21st. Some- 
times written Menkab. 


MENKIB, £ Persei, “the shoulder." 
Situated in the calf of the right leg of Perseus. 


MERAK, В Urse Majoris, “the loin of the bear." 

(mé’-rak) A greenish white star which is approaching the 
earth at the rate of eighteen miles per second. 
It culminates Apr. 20th. The southern of the 
two ' pointers." 


MESARTIM, у Arietis, the Hebrew word for “minister.” 
(mé-sar’-tim) Situated in the Ram's left horn. Bright 
white in color. 
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MINTAKA, ô Orionis, "the belt (of the giant).” 

(min'-ta-kà) One of the three stars in Orion's belt. A 
briliant white star with very little motion. 
It culminates Jan. 24th. 


МГ-ВА, о Сей. 
(mi'-ra Situated in the neck of Cetus. 

or A famous variable, flushed yellow in color. It 
mé’-ra) culminates Dec. 15th. 


Mi’racu, or MIRAK, В Andromede, “the girdle,” or “the 
(mi’-rak or loins." 
mé’-rak) А yellow star culminating Nov. 28th. 


Mizar’, { Urse Majoris, “а girdle or apron.” 

(mi-zár' or Situated in the tail of the Great Bear. Bril- 

mé’-zar) liant. white in color. It is approaching the 
earth at the rate of nineteen miles per second. 
It culminates May 28th. 


MULIPHEN, y Canis Majoris. 
Situated in the neck of the Greater Dog. It culmi- 
nates Feb. 26th. 


Mupurip, n Boötis, "the solitary star of the lancer." 

(mü'-frid) Situated in the calf of the left leg of the 
Herdsman. Pale yellow in color. It culmi- 
nates June 4th. 


Murzim or MiRzAM (mer-zàm'), В Camis Majoris, "the 
announcer” or “ће roarer.”’ 
Situated in the Greater Dog's left fore paw. A white 
star culminating Feb. 5th. 


Muscipa, о Urse Majoris, “the muzzle.” 
Situated in the nose of the Great Bear. 


NEKKAR, ог NAKKAR (nak'-kàr), В Boötis, “ће herdsman,” 
the Arab name for the whole constellation. 
Situated in the head of Boótes. A golden yellow star 
which culminates June 20th. 
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Naos, ¢ Argus, “the ship." 
(na’-os) Situated in the stern of the Ship. It culminates 
Mar. 3d. 


NASHIRA, у Capricorni, “the fortunate one, or the bringer 
of good tidings.” 
Situated in the tail of the Sea-Goat. It culminates 
Oct. 3d. 


Ninar, В Leporis. 
Situated in the right foot of the Hare. 
Deep yellow in color. It culminates Jan. 23d. 


Мороз SEcuNDUs, ô Draconis, "the second of the four 
knots or convolutions.” 
Deep yellow in color. It culminates Aug. 24th. 


М№омкі, с Sagittarii, “ће star of the proclamation of the 
sea," ог SADIRA (sad’-é-ra), "the ostrich returning 
from the water.” 

Situated in the upper part of the Archer's left arm. 
It culminates Aug. 17th. 


Рнар, PHEC'-DA, or PHAED (fa’-ed), y Urse Majoris, “ће 
thigh” (of the bear). 
Topaz yellow in color. It is approaching the earth 
at the rate of fifteen miles per second. It culminates 
May 4th. 


PnHAET or PHact, а Columba. 
Situated in the heart of the Dove. It culminates 
Jan. 26th. 


PHERKAD (fer'-kad), y Urse Minoris, “the calf.” 
Situated in the right fore leg of the Little Bear, 


Po-LA'-Ris, а Urse Minoris, "the pole star." 
Situated in the tip of the Little Bear's tail. Topaz 
yellow in color. It is receding from the earth at the 
rate of fifteen miles per second. 
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x OL’-LUX, В Geminorum, Ovid's "Pugil," the pugilist of 
the two brothers. 
Situated in the head of Pollux. An orange-colored 
star which is receding from the earth at the rate of 
two miles per second. It culminates Feb. 26th. The 
Century Dictionary gives the color of Pollux as very 
yellow. 


Porrm™a, y Virginis, Latin name for “а goddess of 
(por’-i-ma) prophecy.” Situated in the Virgin’s left arm. 
It culminates May 17th. 


Pno'-cv-oN, а Canis Minoris, "the foremost dog.” 
A yellowish-white star. It is approaching the earth 
at the rate of two miles per second. It culminates 
Feb. 24th. In the right side of the Lesser Dog. 


Dr. Elkin gives its distance as 12.3 light years, and 
its proper motion as 13.9 miles per second. 


Рвороѕ, n Geminorum, “е forward foot." 
(ртб/-рав) Situated іп the northern foot of Castor. 


RasaLas, и Leonis, "the lion’s head toward the south.” 

(ras'-a-las) Situated in the Sickle, close to the Lion's 
right eye. An orange-colored star. It cul- 
minates Apr. rst. Alshemali and Borealis 
are other names for this star. 


Ras ALGETHI, а Herculis, “е kneeler's head.” 
(ras al-ge’-thi) Orange red in color. It culminates 
July 23d. 


Ras'-AL-HAG'-UE, а Ophiuchi, "the head of the serpent 
charmer.” 
A sapphire-hued star. It is receding from the earth 
at twelve miles per second. It culminates July 28th. 


RASTABAN, В ог y Draconis, “the dragon’s head," or. ‘‘the 
(rás-ta-bàn') head of the basilisk.” 
A yellow star culminating Aug. 3d. This 
star also called Alwaid (al-wid’), “the suck- 
ing camel-colts." The three stars near it 
are included in this appellation. 
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REG'-U-Lus, а Leonis, diminutive of the earlier Rex. 
Situated in the handle of the Sickle, and the right 
fore paw of the Lion. It is flushed white in color, and 
is receding from the earth at the rate of three miles per 
second. It culminates April 6th. According to Dr. 
Elkin it is 35.1 light years distant, and has a proper 
motion of 10 miles per second. 


RIGEL, В Orionis, "the [left] leg of the Jabbah, or giant.” 

(ri^-jel) А bluish-white star, which is receding from the 
earth at the rate of fourteen miles per second. It 
culminates Jan. 20th. This star is sometimes 
called Algebar (al’-je-bar). 


RorANEV, В Delphini, from Venator, assistant to Piazzi, 
(rot’-a-nev) his name reversed. 
It culminates Sept. 15th. 


RucHBA, о Cygni, "the hen’s knee." 
A pale red star. 


RucHBAH, ог Косван, ô Cassiopeia, “ће knee." 
Situated in the left knee of Cassiopeia. It culminates 
Рес. 2d. 


RukBAT, а Sagittarii, “the archer’s knee." 
Situated in the left fore foot of the Archer. It cul- 
minates Aug. 24th. 


SABIK, т Ophiuchi. 
A pale yellow star in the left leg of the Serpent Bearer. 
It culminates Aug. 215%. 


SADACHBIA, y Aquarti, "the luck star of hidden things.” 

(sad-ak-be'-yà) Greenish in cloor and situated in the 
water jar of Aquarius. It culminates 
Oct. 16th. 


бар AL ВАВТ, АХ and и Pegasi, "the good luck of the excel- 
ling опе.” 
Situated close to the fore legs of Pegasus. 
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SADAL. MELIK or RucBAH, а Aquarü, “ће lucky star ur 
(sad-al-mel’-ik) the king." 
A red star situated in the right shoulder 
of Aquarius. It culminates Oct. 9th. 


SADALSUND, ог SADALSUUD (sád-al-só-ód), В Aquarit, “the 
luckiest of the lucky." 
Pale yellow in color. Situated in the left shoulder of 
Aquarius. It culminates Sept. 29th. 


SADATONI, { Aurige. 
(sad-a-tó'-ni) One of the three stars known as “the 
kids." Orange color. 


SADR or SADIR (sá'-der), у Cygni, “the hen's breast." 
(sadr) 'This star is approaching the earth at the rate of 
four miles per second. It culminates Sept. 11th. 


SaiPH, к Orionis, “the sword of the giant." 
(sa-if’) Situated in Orion's right knee. It culminates 
Jan. 27th. 


SARGAS, 0 Scorpii. 
A red star situated in the tail of the Scorpion. It 
culminates July 27th. 


ScHEAT ог MENKIB, 8 Pegasi, ‘‘the upper part of the arm." 

(she'-at) Situated in the left fore leg of Pegasus. It is 
deep yellow in color, and is receding from the 
earth at the rate of four miles per second. It 
culminates Oct. 25th. 


SCHEMALI, see Deneb al schemali, « Сей. 


SEGINUs, y Boötis, from Ceginus of the constellation, 
(se-ji-nus) possibly. 
Situated in the left shoulder of Boótes. It 
culminates June 13th. 


SHAULA, А Scorpii, “the sting.” 
(sha’-la) In the tip of the Scorpion’s tail. 
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SHEDAR, SCHEDIR, or SHEDIR, а Cassiopeia, “the breast," 
or from El Seder, "the sedar tree," a name given to 
this constellation by Ulugh Beigh. 

Pale rose in color. It culminates Nov. 18th. 


SHELIAK, or SHELYAK (shel'-yak), “а tortoise,” В Lyre, 
Arabian name for the constellation. 
A very white star culminating Aug. 17th. 


SHERATAN, B Arietis, “а sign," or "the two signs." 
(sher-a-tan’) Situated in the Ram's horn. А pearly 
white star culminating Dec. 7th. 


Этв’-1-0$, а Canis Majoris, “(һе sparkling star ог scorcher.”’ 
Situated in the mouth of the Great Dog. Brilliant 
white in color. The brightest of the fixed stars. It 
culminates Feb. rrth. 


бітіл,А, к Aquarit, the water jar or bucket." 
(sit/-ü-là) Situated in the rim of the Water Jar. 


SKAT, or ScHEAT, ô Aquarii, “а wish," or possibly it means 
a ‘‘shin bone." 
Situated in the right leg of Aquarius. 


Spi’ca, а Virginis, “the ear of wheat or corn” (held in the 
Virgin’s left hand). 
A brilliant flushed white star, which is receding from the 
earth at the rate of one mile a second. It culminates 
May 28th. 


SuALOCIN, ог SvALOCIN (sval’-6-sin), Nicolaus reversed, 
a Delphini. 
A pale yellow star culminating Sept. 15th. 


SULAFAT, or SULAPHAT (só'-là-fát), “the tortoise,” y Lyre. 
Arabian title for the whole constellation. 
It is bright yellow in color, and culminates Aug. 19th. 


SyrMa, « Virginis; this name used by Ptolemy to designate 
this star in the train of the Virgin’s robe. 
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TALITA, к or « Urse Majoris, “the third vertebra." 
(tà'-]e-tà) Situated in the right fore paw of the Great 
Bear. Topaz yellow in color. 


TANIA BOREALIS, АХ Urse Majoris. 


TANIA AUSTRALIS, и Urse Majoris, а red star. 
These stars are situated in the right hind foot of the 
Great Bear. The former star culminates Apr. 8th. 


TARAZED, у Aquile, “е soaring falcon,” part of the 
(tar’-a-zed) Persian title for the constellation. 
Situated in the body of the Eagle. A pale 
orange star, culminating Aug. 315%. 


TEGMENI, { Cancri, “іп the covering." 
A yellow-colored star. 


TE'-JAT, и Geminorum. 


Tuu’-BAN, a Draconis, "the dragon," the Arab title for 

Or the constellation. 
(thó-bàn') Situated in one of the Dragon's coils. It is 
pale yellow in color, and culminates June 7th. 


UNUK AL Hay, а Serpentis, "the neck of the snake." 

or A pale yellow star which is receding from 
UNUKALHAI the earth at the rate of fourteen miles a 
(@’-nuk-al-ha’-i) second. It culminates July 28th. 


УҰ/СА, ог МЕСА, а Lyre, “falling,” i. e., the falling bird, 
“the harp star.” 
A beautiful pale star sapphire in color. It is ap- 
proaching the earth at the rate of nine miles a second. 
It culminates Aug. 12th. 


VINDEMIATRIX, е Virginis, “the vintager or grape gath- 
егег.” 
Situated in the Virgin’s right arm. A bright yellow 
star culminating May 22d. 


Wasat, д Geminorum, “the middle." 
(wá'-sat) Situated in the body of Pollux. Pale white in 
color. It culminates Feb. 19th. 
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WESEN, ô Canis Majoris, "the weight.” 
A light yellow star in the right side of the Great Dog. 
It culminates Feb. 17th. 


YED Prior, 6 Ophiuchi, “the hand,” “the star behind or 
(yed) following." 
Deep yellow in color. It culminates July 7th. It 
is in the left hand of the Serpent Bearer. 


YED POSTERIOR, е Ophiuchi, “the hand." 
A red star culminating July 8th. 


Үпром, ô Urse Minoris. 
Situated in the tail of the Little Bear. A greenish- 
hued star culminating Aug. 12th. 


ZANIAH, 7 Virginis. 
Situated in the Virgin's left shoulder. 


ZAURAK, y Eridani, "the bright star of the boat." 
(2А’-так) A yellow star. 


ZAVIJAVA, B Virginis, ‘‘angle or corner," ‘‘the retreat or 
(zav-i-ja’-va) kennel of the barking dog.” 
Situated on the Virgin’s left wing. А pale 
yellow star culminating May 3d. ч 


ZosMA, д Leonis, “а girdle." 

(zos'-ma) Situated at the root of the Lion’s tail. A pale 
yellow star which is approaching the earth at 
the rate of nine miles a second. It culminates 
Apr. 24th. This star is also called Duhr, and 
sometimes Zubra. 


ZUBENAKRAVI, y Scorpii, “the claw of the Scorpion.” 
(zó-ben-ak'-ra-vi or bi) A red star. 


ZUBEN ELGENUBI (z6-ben-el-jen-ii’-bi), a Libre, “the 
southern claw” (of the Scorpion). 
A pale yellow star culminating June 17th. This star 
is also called Kiffa Australis. 
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ZUBEN EscHAMALI, B Libre, “the northern claw.” 
(z6-ben-es-she-ma’-li) 
A pale emerald color, a very unusual color for a star. 
It is approaching the earth at the rate of six miles a 
second and culminates June 23d. This star is also 
known as '' Kiffa Borealis." 


In the compilation of the foregoing list, the author has 
been greatly assisted by Allen's “Star Names and their 
Meanings.” 
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COMPARATIVE SIZES OF THE PLANETS 


Sans Lim 
Boo 
Jupifer Saturn Neptune Uranus Earth Venus Mars 


У—>д— 
Distance from Earth ta Moon 


ELEMENTS OF THE MOONS OF JUPITER 


Mean Dist. Periods of Revol.’ | Diameter 


Name or Number | from Jup. | days hrs. min. sec. in miles 

V 012150010 Тї 57 27| (ебу 
small) 

T (Io) 261,800 1511272526 2450 


I 
II (Europa) 416,600] 3 13 17 54 2050 
III (Ganymede) 664,000] 7 3 59 35 3560 
IV (Calypso) 1,168,000 | 16 18 5 7 3350 
VI 7,100,000 8% months ?(very 


small) 
VII 7,300,000 9 s [a 
VIII 14,600,000 241205 PENEN 
IX 15,000,000] 24% “ tees 


Professor Barnard has seen white polar caps on satellites III and 
IV. ''They are exactly like those of Mars.” 

Satellites VIII and IX are extremely small, not more than a few 
milesin diameter. Their orbits are so eccentric that their greatest 
distances from Jupiter are nearly twice their least distances. The 
revolution of each around the planet is in a retrograde direction. 
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ELEMENTS OF THE MOONS OF SATURN 


Periods of Revol. Diameters 
Mean Dist. in miles 
fr. Saturn. | — | | | (Approxi- 
days hrs. |min. mately) 
I. Mimas 117,000 22 36 600 
IT. Enceladus 157,000 I 8 54 800 
III. Tethys 186,000. т, len 18 | r,100(?) 
ТУ. Dione 228,000 2 (|17 42 | 1,200(?) 
V. Rhea 332,000 4 | 12 30 | 1,000(?) 
VI. Titan 771,000 IS | 22 41 | 2,625 
X. Themis 906,000 20 | 20(?)| о 30(?) 
VII. Hyperion 943,000 21 7 36 500 
VIII. Japetus 2,225,000 79 7 56 | 1,125(?) 
IX. Phoebe 7,300,000 | 580 2 54 40(?) 


The revolution of Phoebe, satellite IX is retrograde. 


ELEMENTS OF THE MOONS OF URANUS 


Periods of Revol. 


Dist. from Diameter 

Planet (Est. only) 
Ariel 120,000 600 
Umbriel 167,000 500 
Titania 293,000 1200 
Oberon 365,000 1000 


These four satellites revolve in a plane nearly perpen- 
dicular to the ecliptic. It seems probable that ‘‘the 
equatorial plane of Uranus coincides with the orbit plane 
of its satellites"; that is that the planet seems to “roll 
on its side." (See p. 402.) 
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The Nearest Ten Bright Stars 


@5irius 


Frocyo 


Soligh t years 
Sixty trillion miles is the distance between the con- 


centric rings. 


THE BRIGHTEST STARS VISIBLE IN 
LATITUDE 40° N.* 


STAR MAGNITUDE 
The Sun --25.4 
Sirius —1.58 
Vega 0.14 


* With the exception of the estimate of the sun’s magni- 
tude the list is taken from the Harvard Observatory 
Catalogue. 

Other results for the stellar magnitude of the sun are as 
follows: 
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Brightest Stars— Continued 


Capella 0.21 
Arcturus = 0.24 
Rigel 0.34 
Procyon : 0.48 
Altair 0.89 
Betelgeuze 0.9 

Aldebaran 1.06 
Pollux 1.21 
Spica 1.21 
Antares 1.22 
Fomalhaut 1.29 
Deneb 1.33 
Regulus 1.34 
Castor 1.58 
e Canis Majoris 1.63 
е Urse Majoris 1.68 
Bellatrix 1.70 
Х Scorpii DI 
е Orionis 1.75 
В Tauri 1.78 
a Persei 1.90 
¢ Orionis I.9I 
т Ursa Majoris I.9I 
y Geminorum 1.93 


Wollaston: —26.6 
Bond: —25.8 
Zöllner: —26.6 
The sun gives us: 10,000,000,000 times the light of Sirius. 
The total light of all the stars in the heavens is equal 
to that of 1092 stars of visual magnitude 1.0. 
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THE NEAREST STARS* 


DISTANCE IN 


STAR NAME MAGNITUDE LIGHT YEARS 
“Proxima” 10.5 4.3 
a Centauri 0.3 4.3 
Barnard’s Star 9.7 6.1 
Lalande 21185 7.4 8.1 
Sirius 0.38 8.6 
Anonymous I2.0 9.6 
Kapteyn's Star 9.2 10.3 
т Ceti 3.6 10.3 
Procyon 0.5 10.4 
e Eridani 3.8 10.5 
61 Cygni 5.6 10.9 
Lacaille 9352 7.4 11.2 
У 2398 8.7 11.4 
Groombridge 34 8.1 11.6 
e Inde 4.7 11.6 
Krüger 60 9.6 12.7 
van Maanen’s Star 0 12.8 
Cordoba 29191 6.6 12.9 


The distance that separates us from Proxima Centauri, 
the nearest star, is better realized if we adopt Professor 
Young’s comparison. If the distance from the Earth to 
the Sun were 215 feet, the distance from the Earth to 
Proxima Centauri would be 8000 miles. 

The mean distance of the stars of the first magnitude is 
36.5 light years, second magnitude stars 58 light years, and 
third magnitude stars 92 light years, from estimates made 
at the Yale University Observatory. 


* From the Revision of Young's Manual of Astronomy 
by Professors Russell, Dugan, and Stewart. 
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NUMBER OF THE STARS* 


First Magnitude 20 
Second ss 65 
Third D 200 
Fourth s 500 
Fifth 4 1,400 
Sixth x 5,000 
Seventh ‘ 20,000 
ПӘЛЕ Ші i 68,000 
Ninth P 240,000 
Tenth 720,000 1,055,185 


The lucid, ог паКей-еуе, stars comprise the first six 
magnitudes. 

There are in the heavens between six and seven thousand 
stars visible to the naked eye. Only twenty-five hundred 
of these are visible at any one time. A good field glass 
reveals over fifty thousand stars and Argelander observed 
324,000 stars with a 2.5-inch telescope. The Yerkes 
40-inch refractor, the largest refractor in the world, 
probably reveals one hundred million stars, while fully a 
billion stars are within the range of the great 100-inch 
reflector at the Mt. Wilson Observatory. 


* From Todd’s Astronomy, 


FAMOUS VARIABLE STARS 


PERIOD RANGE IN 
STAR NAME IN DAYS MAGNITUDE REMARKS 
o Ceti Bak 1.7- 9.5 Mira 
R Leonis 313 5.2—10.0 
B Persei 24 2.3- 3.5 Algol 
t Geminorum 107 2:7- 4.5 
ô Libra 24 5.0- 6.2 
x Sagittarii 7 4-6 
В Lyre 12.9 3.4- 4.9 
а Herculis 90+ 3.1— 3.9 Irregular 
5 Cephei 54 3.7= 46 


APPENDIX 


FAMOUS TEMPORARY STARS (NOV) 


APPEARING IN THE 


DATE CONSTELLATION 
134 B.C. Scorpius 
123 A.D. Ophiuchus 
386 Sagittarius 
389 Aquila 
393 Scorpius 
1012 Aries 
1203 Scorpius 
1230 Ophiuchus 
1572 Cassiopeia (Tycho’s Star) 
1604 Ophiuchus (Kepler’s Star) 
1670 Vulpecula 
1848 Ophiuchus 
1860 Scorpius 
1866 Corona Borealis 
1876 Cygnus 
1885 Andromeda 
1891-92 Auriga 


RECENT TEMPORARY STARS (МОУ) 


APPEARING IN THE 


DATE CONSTELLATION 
1901 Perseus 
1903 Gemini 
1905 Aquila 
1910 Lacerta 
1912 Gemini 
1918 Aquila 
1934 Ophiuchus 
1934 Hercules 
1936 Cepheus 
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THE FIRST SIXTEEN VARIABLE STARS 


DISCOVERED 

STAR PERIOD IN DAYS DISCOVERER DATE 
o Ceti* 331.7 Fabricius 1596 
B Persei 2.9 Montanari 1669 
x Cygni* 406.0 Kirch 1686 
К Hydre* 452.2 Maraldi 1704 
R Leonis* 312.8 Koch 1782 
т Aquilae 7,2 Pigott 1784 
B Lyre 12.9 Goodricke 1784 
8 Cephei 5.4 Goodricke 1784 
a Herculis Irreg. W. Herschel 1795 
В Coronae Irreg. Pigott 1795 
R Scuti Irreg. Pigott 1795 
R Virginis* 145.5 Harding 1809 
R Aquarii* 387.2 Harding I8II 
R Serpentis* 357.2 Harding 1826 
S Serpentis* 368.5 Harding 1828 
R Cancri* 362 Schwerd 1829 


Compiled by Dr. Paul W. Merrill 


Stars marked with an asterisk are typical long period 
Variables. 
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RIGHT ASCENSIONS AND DECLINATIONS OF 
SOME BRIGHT STARS 


R.A. DEC. 
Hours Minutes 

ALPHERATZ (а Andromeda) о 2.4 N. 28°29’ 
ALGENIB (a Perseus) ПІ 72E EN ДО уо, 
ALDEBARAN (@ Tauri) IV 21.22 М. 16°20” 
RIGEL (8 Orionis) V I0. POS ӘБИ 
CAPELLA (a Auriga) V 10.715 №. 45756 
BETELGEUZE (a Orionis) V 5097 Мо 72227 
SIRIUS (a Canis Majoris) VI 23:61 S 51685 
CASTOR (a Gemini) VII 29.5 М. 32° 4’ 
PROCYON (а Canis Minoris) VII 45.1) 050276 
PoLLux (8 Gemini) VII 40.4 М. 20°13” 
REGULUS (a Leonis) X Aste МУЛ? ти 
SPICA (a Virginis) ХИР лоо! S 102381 
ARCTURUS (а Boótes) XIV ізі М,10738” 
ANTARES (a Scorpii) ХОУ SY USE ETSI) 
VEGA (a Lyre) ЖУЛ, 134127 , №3842’ 
ALTAIR (a Aquila) XIX 46:07 NN (85200 
DENEB (a Cygni) XX 38:8. N32? т” 


The Celestial Equator runs through the belt stars of 
Orion, 5 degrees below Procyon, some 10 degrees below 
Regulus and Altair and 10 degrees above Spica. 
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TABLE OF PARALLAXES, PROPER MOTION, AND 
RADIAL VELOCITY OF BRIGHTEST STARS 


Approach- 
; Cross : $ 
< | Distance ; ing — Lumi- 
ad in light ШАД. Receding + nosity 
years Second miles a Sun = 
second 

SIRIUS —1.58 8.8 II ғ-% 26 
PROCYON 0.48 10.5 12 --2 5 
ALTAIR 0.89 16 9 —20 9 
FoMALHAUT 1.20 24 8 +4 13 
DENEBOLA 2.23 32 24 +1 її 
VEGA 0.14 26 8 --9 50 
ARCTURUS 0.24 41 84 --3 100 
ALDEBARAN 1.06 57 ІІ +34 90 
CAPELLA 0.21 47 19 +19 150 
Porrux 1.2І 32 18 +2 28 
POLARIS 2512 470: 29 --15 2,500: 
REGULUS 1.34 56 IO +3 70 
BETELGEUZE 0.92 190 6 +13 1,200 
ANTARES 1.22 360 ' її --2 3,400: 
CASTOR 1.58 43 8 +2 II 
RIGEL 0.34 540: 2 +14 18,000: 
DENEB 1.33 650: 12 --2 10,000: 
SPICA I.2I 230 17 +1 1,500 
MIRA 1.7-9.6 220 76 +64 790-0.55 
а CORON 2.31 61 14 +o 38 
ANDROMEDA NEBULA 870,000: 
ORION NEBULA 600: +600 
Ркж<ЕрЕ 450: 
Сома BERENICES 300: 
PLEIADES : 320 
HYADES I40 


The ( : ) indicates that the value is uncertain. 

The author gratefully acknowledges his indebtedness to 
Professor 5. A. Mitchell for valued assistance in the 
preparation of the above table. 
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GIANT AND DWARF STARS 


290,000,000 MILES 


т. The Sun. 2. Vega. 3. Capella. 4. Arcturus. 5. Betelgeuze 
6. Orbit of Earth. 7. Aldebaran. Compare Sun and Vega with 
lower diagram. 


1,000,900 AILES 


I. Proxima Centauri. 2. 61 Cygni. 3. Companion to Sirius. 
4. Jupiter. 
This scale is 200 times the scale of the upper diagram. 
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STARS RECEDING FROM THE EARTH 


STAR NAME 


Regulus 
Aldebaran 
Rigel 
Fomalhaut 
Denebola 
Betelgeuze 
Capella 
Pollux 
Castor 
Spica 

Mira 


SPEED IN MILES 
PER SECOND 


STARS APPROACHING THE EARTH 


STAR NAME 


Altair 
Polaris 
Arcturus 
Vega 
Deneb 
Sirius 
Procyon 
Antares 
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SPEED IN MILES 
PER SECOND 


12 
І 


N N оюооол 


APPENDIX 


STARS OF LARGEST PROPER MOTION* 


MAG’ 


Barnard’s star 9.6 
Kapteyn’s star 9.2 
Groombridge 
1830 6.4 
Lacaille 9352 7.4 
Cordoba 32416 8.3 
61 Cygni 5.5 | 
6.2 


PROPER RADIAL CROSS 
MOTION VELOCIT. MOTION OR 
SEC. OF Approaching — TANGEN- 
ARC А Receding TIAL 
YEAR VELOCITY 
Miles per Second 
10/25 --73 56 
8 .76 --I5 81 
7 .05 —60 206 
6 .90 pairi 70 
GTI +16 82 
5 .20 —40 51 


The Moon’s apparent angular diameter (Equatorial) is 


31'5’’ (Mean). 


THE RHYME OF THE ZODIAC 


The Ram, the Bull, the heavenly Twins, 


And next the Crab, the Lion shines, 


The Virgin, and the Scales. 


The Scorpion, Archer, and the Goat, 
The Man who pours the Water out, 


And Fish with glittering tails. 


* From the Revision of Young's Manual of Astronomy, 


by Professors Russell, Dugan, and Stewart. 
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TABLE SHOWING THE STARS OF THE FIRST AND 
SECOND MAGNITUDE RISING IN THE EAST- 
ERN SKY AT NINE O’CLOCK P.M. ON 


DATE 


THE DATES SPECIFIED. 


NAME OF STAR 


January I 
tk 


i II 
February 20 
March 1 

ét 


“ 27 
September 13 
October 2 

tt 26 
“ 30 


November 4 
44 


t 27 
December 
44 


“ 


Regulus, Ist 
Alphard, 2d 
Cor Caroli 
Arcturus, Ist 
Spica, rst 
Gemma, 2d 
Vega, Ist 
Ras Alhague, 2d 
Deneb, 2d 
Antares, ? 
Altair, 1st 


Algenib, 2d 
Algol 

Capella, rst 
Hamal, 2d 
Fomalhaut, rst 


Aldebaran, rst 
Bellatrix, 2d 
Castor, Ist 
Betelgeuze, 1st 
Pollux, 2d 
Rigel, rst 
Procyon, 15% 
Sirius, rst 
Phaet, 2d 
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CONSTELLATION 


Leo 

Hydra 

Canes Venatici 
Boótes 

Virgo 

Corona Borealis 
Lyra 

Ophiuchus 

Cygnus 

Scorpio 

Aquila 

Delphinus 

Perseus 

Perseus 

Auriga 

Aries 

Piscis Australis 
'The Pleiades in Taurus 
Taurus 

Orion 

Gemini 

Orion 

Gemini 

Orion 

Canis Minor 

Canis Major 
Columba 

The Bee Hive in Cancer 
The head of Hydra 


APPENDIX 


PERIODIC COMETS 


(Observed in at least one return since discovery) 


Date of Н Мо. оў 
с perihelion peior returns | Due to 
NAME @ at last return, | Observed | return 
covery observed ЖОШ „since in 
return discovery 
Encke 1786 1924 Oct. 3.3 35 1028 
Grigg-Skjellerup 1902 1927 May 5.0 2 1932 
Tempel II 1873 1925 Aug. i 6 1930 
Neujmin 1916 1927 Jan. 5.4 2 1032 
Tempel III— 

Swift 1869 1908 Oct. 5-7 3 1931 
Pons- Winnecke 1819 1927 June 6.0 IO 1933 
D'Arrest 1851 1923 Sept. 6.6 Я 1930 
Giacobini-Zinner| 1900 1926 Dec. 6.6 2 1933 
Kopft 1906 1926 Jan. 6.6 2 1032 
Finlay 1886 1926 Aug. 6.7 4 1933 
Borrelly 1905 1925 Oct. 6.9 3 1932 
Brooks 1389 1925 Nov. 6.9 4 1932 
Holmes 1802 1006 Мат. 6.9 2 1028 
Faye 1843 1925 Aug. 755 8 1032 
Schaumasse І9ІІ 1927 Oct. 8.0 2 1935 
Wolf 1884 1925 Oct. 8.2 5 1933 
Tuttle 1790 1926 Apr. 13.5 6 IC 39 
Westphal-Dela- 

van 1852 1913 Nov. 61.7 I I975 
Brorsen- Metcalf 1847 1919 Oct. 69.0 I 1988 
Pons-Brooks 1812 1884 Jan. 71.4 I 1956 
Olbers-Brooks 1815 1887 Oct. 72.5 І 1960 
Halley 240 B.C. | тото Apr. 76.0 28 1986 

THREZ Lost Pzriopic COMETS: 

Brorsen 1846 1879 ETE 4 
Tempel I 1867 1879 6.0 2 
Biela 1772 1852 6.7 5 


The author acknowledges his indebtedness and gratitude 
to Professor George Van Biesbroeck for the data contained 
in this table. 


507 


FIELD BOOK OF THE SKIES 


PERPETUAL STAR TIME-PIECE, COMPASS, AND 
CALENDAR 


If you know the star-pictures, and memorize the follow- 
ing rhyme, you will ever have at hand for reference on 
clear nights, a reliable time-piece, compass, and calendar. 

The numbers above the star names indicate consecu- 
tively the months of the year in which these respective 
objects rise about the first of each month in the eastern 
sky. In addition to first magnitude stars the rhyme 
refers to the head of Capricornus, the Sea-Goat, the 
Great Square of Pegasus, and Orion's Belt. All except 
Arcturus rise between 9 and 9:30 P.M. Arcturus rises 
at то P.M. February rst. 


I 
First Regulus gleams on the view, 
2 3 4 
Arcturus, Spica, Vega, blue, 
5 6 
Antares, and Altair, 
7 8 9 
The Goat’s head, Square, and Fomalhaut, 
10 II 
Aldebaran, the Belt, a-glow, 
12 
Then Sirius tnost fair. 


Eight months of the year are identified by the position 
of the Big Dipper at 9 р.м. In April and May it is north 
of the zenith. During July and August it is west of north. 
In October and November it lies close to the northern hori- 
zon and in January and February it is east of north with 
the ‘‘ Pointer Stars” highest. 
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GENITIVE CASE OF THE CONSTELLATIONS 


Andromeda Andromede Hercules Herculis 
Aquarius Aquarii Hydra Нуга 
Aquila Aquile Lacerta Гасегіг 
Aries Arietis Leo Leonis 
Auriga Aurigae Lepus Leporis 
Boótes Boótis Libra Libre 
Cancer Cancri Lyra Lyre 
Canis Major Canis Majoris | Monoceros Monocerotis 
Canis Minor Canis Minoris | Ophiuchus | Ophiuchi 
Capricornus Capricorni Orion Orionis 
Cassiopeia Cassiopeiz Pegasus Pegasi 
Cepheus Cephei Perseus Persei 
Cetus Ceti Pisces Piscium 
Corona Corone Sagittarius Sagittarii 
Corvus Corvi Scorpius Scorpii 
Crater Crateris Taurus Tauri 
Cygnus Cygni Triangulum Trianguli 
Delphinus ^ Delphini Ursa Major. Ursa Majoris 
Draco Draconis Ursa Minor Ursa Minoris 
Eridanus Eridani Virgo Virginis 
Gemini Geminorum Vulpecula Vulpecule 
THE GREEK ALPHABET 

a Alpha у Nu 

B Beta Е Xi 

y Gamma o Omicron 

5 Delta т Pi 

e Epsilon p Rho 

t Zeta c Sigma 

л Eta т Тап 

9 Theta v Upsilon 

v Iota $ Phi 

к Kappa x Chi 

Lambda ұ Psi 

А Mu w Omega 
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ASTRONOMICAL, SYMBOLS USED IN ALMANACS 


$ —Mercury. —New Moon. 
D=First Quarter. 
9 —Venus. Q-—Full Moon. 
(C —Last Quarter. 
6 —Earth. ©=Sun. 


Cc —Conjunction; having the same 
Right Ascension. This 
does not necessarily mean 


d =Mars. at the same point on the 
celestial sphere, since the 
2t —]upiter. Declination of the two 
bodies may be different. 
p —Saturn. 
Н or 6 —Uranus. d?Opposition; differing 180? in 


Right Ascension 
Y —Neptune. L]—Quadrature; differing 90° in 
Right Ascension 


Examples: 

O Y $ —Jupiter and Venus in conjunction. 

Ф d О--Магв in opposition. 

С 21 O—]upiter in conjunction with the Sun. 

С $ OInf—Mercury in inferior conjunction; be- 
tween the Earth and the Sun. 

С $ © Sup.— Mercury in superior conjunction; on 
the other side of the Sun from the Earth. 

С 9 (-Venus and Moon in conjunction. 


(For Signs of the Zodiac see page 370.) 
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A BRIEF BIBLIOGRAPHY 


FOR GENERAL READING 


ARRHENIUS, S. A. Destinies of the Stars. Illus. 


I2mo. 1018. $2.00 
Good reading, but not ‘‘up to the moment”’ in theory. 


BALL, Six ROBERT. Story of the Heavens. Illus. 8vo. 
560 pages. 1897. $3.50 


This remains one of the best comprehensive general books. 
It lacks, of course, the knowledge acquired in the past thirty 
years. The author's attitude is strictly conservative. 


== Great Astronomers. 


I2mo. $1.50 
Good short biographies. 
EDDINGTON, А. S. Nature of the Physical World. 
8уо. 360 pages. 1928. 
$3.75 


A Book among myriads! While, from a strictly astronomical 
standpoint it must be classed as collateral reading, no one inter- 
ested in science can afford not to study it thoroughly. Its title 
describes it. It is written in Dr. Eddington’s remarkably able 
and charming style. 


—— Stars and Atoms. Illus. 8vo. 

I27 pages. 1928. $2.00 

A fascinating book, presenting the recent advances in knowledge 

concerning the constitutions of the stars—their ages etc.—and 
how the knowledge is secured. 


HALE, G. E. Depths of the Universe. Illus. 
12110. 1924. $1.50 

— New Heavens. Illus. 1210. 
1922. $1.50 


Reprints of excellent magazine articles reporting the results 
of recent most interesting work at the ‘Mt. Wilson observatcry. 
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JEANs, J. H. Astronomy and Cosmogony. Illus. 
4to. 418 pages. 1928. $10.00 


t 


This dignified work describes in full the author's views “оп 
the present position of Cosmogony, the physical state of astronom- 
ical matter, the structure of the stars, the origin of their radiation, 
etc." Dr. Jeans “Һав tried to depict the present situation in the 
simplest language consistent with scientific accuracy, avoiding 
technicalities where possible, and otherwise explaining them.” 
Much fairly complicated mathematics have, of necessity, been 
included. For the advanced reader a fine book. 


---- Eos, of the Wider Aspects of 
Cosmogony. Illus. 16 mo. 
88 pages. 1929. $1. 
An epitome of the large book. All mathematics and much 
detail omitted. 
LOWELL, PERCIVAL. Evolution of Worlds. 
Mars as the Abode of Life. 
Mars. 
Mars and Its Canals. 
All Illus. 8vo. About 
300 pages. $2.50 
Volumes giving Dr. Lowell's views on evolution, his descrip- 


tions of Mars, his theories concerning it and the results of his 
long study of the planet. Well worth the reading. 


Гоутем, W. J. Pageant of the Stars. Illus. т2гло. 
300 pages. 1929. $2.50 
An excellently well written and authoritative book of general 


astronomical information. Prof. Luyten's presentation of mod- 
ern methods and theories is remarkably clear. A valuable book. 


Orcorr, WM. TYLER Star-lore of All Ages. Illus. 
8vo. 450 pages. $4.50 
Sun-Lore of All Ages. Illus. 
8vo. 450 pages. $4.50 
Very full collections of the myths of the world relating to the 
Sun and the stars. Profusely illustrated. 


Рнилль$, Т. E. R. and 
STEAVENSON, W. H. Splendours of the Heavens. 
Illus. 8vo. 2 vols. 1925. 
About $12.50. Import only. 


A magnificent work, notable for the great number and the 
quality of the illustrations... Can be imported in six weeks time. 
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SERVISS, GARRETT P. Other Worlds. Illus. r6mo. 
281 pages. 1928. $1.00 


“Their nature, possibilities and habit-ability by the light of 
the latest discoveries.'' 


A fine book on the Solar System and its members. It does not 
present, however, the very recent measurements of the tempera- 
tures of the major planets, and the views on their surface condi- 
tions are not those held today. 


SHAPLEY, HARLOW. Starlight. Illus. r6mo. 143 
pages. 1926. $1.50 


This small volume is a rich nugget. 


SHAPLEY, H. and 
Howarth, Н. E. Source Book in Astronomy. Illus. 
8vo. 412 pages. 1929. $4.00 


An invaluable reference book. Translations of the important 
sections of the writings of sixty-three astronomers from Coperni- 
cus to George Darwin. 


SMART, W. M. The Suns, the Stars and The Universe. 
Illus. 8vo. 291 pages. 1928. 
$5.00 


An excellently written and readable work. Thoroughly up to 
date. 


Turner, H. H. Astronomical Discovery. Illus. 8vo. 

225 pages. 1904. $3.75 

Well told stories of the important astronomical discoveries— 
Uranus, Neptune, the Asteroids, etc. 


MORE SPECIALIZED BOOKS 


CHAMBERS, С. Е. The Story of Eclipses. Illus. 16mo. 
208 pages. 1912. $1.00 


Елотн, PHILIP. The Moon in Modern Astronomy. 
Illus. 8vo. 160 pages. $2.00 


A summary of twenty years selenographic work, and a study 
of recent problems. 

Not only excellent special reading, but most useful to the 
observer. Contains many detailed charts, drawn by the autho-. 


513 


FIELD BOOK OF THE SKIES 


Proctor, M. Romance of the Sun. Illus. 
I2mo. 1927. $2.50 
One of the most readable books devoted entirely to the Sun. 


NASMYTH and 


CARPENTER. The Moon, Considered as a Planet, 
a World, and a Satellite. Illus. 
I2mo. 215 pages. $2.00 


One of the most interesting books on the Moon. It devotes 
much space to the exposition in simple language of the authors’ 
theories regarding the origin of the lunar surface markings. 


MORE TECHNICAL BOOKS 


Аввот, С. С. Fundamentals of Astronomy. Illus. 
2nd Ed. 1927. $3.00 
A fine text-book. 


Елтн, E. A. Elements of Astronomy. Illus. 8уо. 
325 pages. 2nd Ed. 1928. $3.00 


A non-mathematical text-book. Exceptionally fine. Wonder- 
fully illustrated. Worth far more than its price. Invaluable as 
a reference book, and most pleasant for general reading. 


RUSSELL, DUGAN 
and STEWART. Astronomy. Illus. r2mo. 
2 vols. 1928. $5.00 


Possibly the most comprehensive text-book. Vol. I is devoted 
tothe solar system, Vol. II to Astrophysics and Stellar Astronomy. 


бекуі55, С. P. Astronomy in а Nutshell. Illus. 12mo. 
260 pages. 1926. $1.75 


The chief facts and principles explained in popular language 
for the general reader and for use in schools. 

Particularly good for its chapter on the Earth, which explains 
fully Time—the Caléndar—the Tides—the Seasons, etc. 


Topp, D. P. New Astronomy. Illus. r2mo. 
480 pages. 1926. 


A new edition of one of the standard text-books, and one of 
the best. 
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BOOKS FOR THE OBSERVER 


American Ephemeris and Nautical Almanac. $1.00 
Published annually by the government and obtainable from 
the Sup’t of Documents, Washington, D. C. 
Indispensable to the observer. Gives all exact data for the 
year concerning positions of the Sun, the Moon, satellites, stars, 
etc.; all occultations, eclipses, etc. 


Barritt and Serviss Star and Planet Finder. $5.00 
The only good planisphere. Easy to use. ,Of great assistance 
in many ways. 


BELL. The Telescope. Illus. 
I2mo. $3.00 
A practical handbook of real value. 
Byrp, M. E. First Observations in Astronomy. Illus. 
12110. 126 pages. 1914. $1.00 
An excellent work for the beginning observer. 
Furness, С. E. Introduction to the Study of Variable 


Stars. Illus. 8vo. 1915. $2.25 
The only good book on the most interesting division of observa- 
tional astronomy for users of small glasses. 


Моврнү, Е. С. 


(KELVIN McKRreapy) Beginner’s Star Book. Illus. 
4to. 150 pages. 1927. 
$5.00 


A splendid book for the observer with naked eye, field glass, or 
telescopé. It contains an original system of star maps and 
charts, supplemented by an admirable observer's catalog. 


---- Beginner's Guide to the Stars. Illus. 16mo. 
86 pages. 1924. $1.00 


A pocket volume for the naked eye observer, based on the 
larger book, and using the same system of charts. 


Norton, ARTHUR P. Star Atlas and Reference Hand- 
book. For Students and 
Amateurs. 4to bd. Epoch, 
1920. 
440. 45 pp. text. 18 Maps. 
Moon Chart. 1927. $4.50. 
The best small atlas. Covers the whole star sphere—shows 
7,000 stars, nebula and clusters. 
Text contains short descriptive list of objects for small telescopes, 
notes on planets, etc. 
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ScHURIG, RICHARD. Tabule Celestes (Himmel's Atlas). 
Folio. 8 maps and Moon chart. 
$1.00 


By far the best inexpensive star atlas. Text is in Latin or 
German, but thereis so little of it that translation is unnecessary. 


Wess, Rev. Т. W. Celestial Objects for Common Tele- 
scopes. Illus. т2то. 2 vols. 
283 and 280 pages. 1017. 
$6.40 
Vol. I Solar System. Vol. II 
Stars, Nebulæ, and Clusters. 
By far the most nearly complete observer’s catalog of its class. 
It has been standard for years and is invaluable for its purpose, 
despite the fact that in the present edition a number of minor 
errors have crept in. 


PERIODICALS 


Popular Astronomy. Address, Northfield, Minnesota. 


Issued ten times a year. Publishes in each issue the reports 
of the Amer. Assoc. of Variable Star Observers. Is full of interest- 
ing and timely articles. Well worth the subscription price. 


Monthly Evening Sky Map. Address, Leon Barritt, 
367 Fulton St., Brooklyn, N. Y. 

A small periodical giving monthly maps with the planet posi- 
tions, and always containing news items and ‘astronomical 
“gossip” that is timely and interesting. Subscription price $1.50 


‚ Scientific American. Address 24 W. 4oth St., 
New York City. 


This contains in each issue a fine article by Dr. Russell on some 
up-to-the-moment astronomical subject. Always worth the 


reading. 
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INDEX TO THE CONSTELLATIONS 


Andromeda 250 
Aquarius, 270 
Aquila and Antinuüs, 170 
Aries, 284 

Auriga, 103 

Bootes, 216 

Cancer and Canis Minor, 110 
Canes Venatici, 134 
Canis Major, 320 
Canis Minor, 138 
Capricornus, 277 
Cassiopeia, 232 
Cepheus, 238 

Cetus, 288 

Coma Berenices, 128 
Corona Borealis, 204 
Corvus, 142 

Crater, 146 

Cygnus, 164 
Delphinus, 176 
Draco, 152 
Equüleus, 244 
Eridanus, 334 
Gemini, 96 
Hercules, 210 
Hydra, 118 

Leo, 122 

Lepus, 316 
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Index to Constellations (Continued) 


Libra, 200 

Lynx, 117 

Lyra, 158 
Monoceros, 328 
Ophiuchus and Serpens, 188 
Orion, 308 

Pegasus, 244 
Perseus, 257 

Pisces, 264 

Piscis Australis, 276 
Sagitta, 176 
Sagittarius, 182 
Scorpius, 194 
Serpens, 188 
Taurus, 298 
Triangulum, 256 
Ursa Major, 84 
Ursa Minor, 91 
Virgo, 224 


INDEX TO THE MOON ON THE DIAGRAMS 


Craters: 
Agrippa, 366 
Albategnius, 366 
Aliacencis, 377 
Apollonius, 361 
Archimedes, 368, 372 
Ariadeus, 368, 372 
Aristarchus, 358, 372 
Aristillus, 368, 372 
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Index to Moon (Continued) 


Aristoteles, 365 
Arzachel, 369 
Atlas, 361 
Autolycus, 368, 372 
Beaumont, 365 
Bessel, 366 
Biela, 365 

Birt, 370 
Blanchini, 367 
Bonpland, 371 
Bulliadus, 370 
Bur^khardt, 360 
Burg, 365 
Calippus, 366 
Capella, 364 
Capuanus, 371 
Cassini, 368 
Catharina, 364 
Cichus, 370 
Clavius, 368 
Cleomedes, 359, 360 
Condorcet, 361 
Copernicus, 370 
Cyrillus, 364 
Dawes, 364 
Delambre, 367 
Endymion, 362 
Eratosthenes, 368 
Eudoxus, 365 
Fabricius, 364 
Fermat, 365 · 
Firmicus, 361 


519 


FIELD BOOK OF THE SKIES 


Index to Moon (Continued) 


Flamsteed, 373 
Frascatorius, 362 
Fra Mauro, 371 
Furnerius, 360 
Gassendi, 370 
Gauss, 360 
Gemma Frisius, 367 
Geminus, 359, 360 
Godin, 366 
Grimaldi, 358, 372 
Helicon, 371 
Hercules, 362 
Herodotus, 372 
Herschel, 369 
Hevelius, 370 
Hipparchus, 366 
Hommel, 364 
Hyginus, 368 
Isidore, 364 
Kepler, 370 
Lambert, 371 
Langrenus, 359, 360 
Lassell, 371 
Letronne, 370 

Le Monnier, 364 
Linné, 368 
Littrow, 364 
Longomontanus, 371 
Macrobius, 363 
Maginus, 368 
Manilius, 366, 372 
Maraldi, 364 
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Index to Moon (Continued) 


Maurolycus, 366 
Menelaus, 366, 372 
Mercator, 371 
Messala, 359 
Messier, 362 
Metius, 362, 364 
Mutus, 364 
Newton, 370 
Parry, 371 
Petavius, 359, 360 
Picard, 358, 361 
Piccolomini, 365 
Rico 370, 372 
Pierce, 358 
Pitatus, 271 
Pitiscus, 364 
Plato, 370, 372 
Pliny, 364 
Polybius, 364 
Pons, 364 
Posidonius, 364 
Proclus, 362, 372 
Ptolemy, 369 
Purbach, 369 
Pytheas, 371 
Reinhold, 373 
Rheita, 363 
Roemer, 364 
Santbech, 365 
Scheiner, 371 
Silberschlag, 369 
Stadius, 371 
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Index to Moon (Continued) 


Steinheil, 364 
Stiborius, 365 
Stófler, 366 

Street, 371 

Sulpicius Gallus, 366, 372 
Taruntius, 365 
Taylor, 367 
Theetetus, 366 
Theophilus, 364 
Timocharis, 371 
Tobias Mayer, 370 
Tralles, 358 

Tycho, 366, 368 
Valcq, 364 
Vendelinus, 359, 360 
Vitruvius, 364 
Werner, 367 
Wilhelm, 371 

Zagut, 366 


Bays and Gulfs: 
Sinus ZEstuum, Gulf of Heats, 368 
“  [ridum, Bay of Rainbows, 370 
Roris, Gulf of Dew, 372 


€€ 


Other Formations: 
Lacus Somniorum, Lake of the Sleepers, 364 
Palus Somnii, Marsh of a Dream, 362, 372 
Palus Putredinis, Marsh of Corruption, 372 
Lunar Railroad, or Straight Wall, 370 
Mountains: 
Alps, 368 
Altai, 364 
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Index to Moon (Continued) 


Apennines, 368 
Carpathian, 370 
Caucasus, 366 
Haemus, 364 
Harbinger, 372 
Leibnitz, 362 
Riphzan, 372 
Taurus, 364 

Mt. Argeus, 364 
Mt. Hadley, 368 


Seas: 

Mare Crisium, Sea of Conflicts, 358 
*  Fecunditatis, © - Fecundity; 362 
“  Frigoris, uw Cold saa 
“  Humorum, ВЕН пятое, 7270 
“  Imbrium, " — Rains, 369 
M Nectaris, и iNectar 262 
“  Nubium, топа 570 
“ Serenitatis, “ Serenity, 364 
“ Tranquilitatis, “4 Tranquillity, 365 
'"* — Vaporum, o NES 265 


Oceanus Procellarum, Ocean of Tempests, 372 


Capes: 
Cape Agarum, 358 
“ Heraclides, 370 
La Place, 370 


[11 
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MYERS DEUS 


GENERAL INDEX 


GENERAL INDEX 


NorE.—The Constellation names are omitted from this 
index and are given in the special INDEX TO CON- 
STELLATIONS, beginning on page 517. 

'The names of the lunar surface features are also omitted 
and are given in the special INDEX TO THE MOON. 


beginning on page 518. 


In setting this index different faces of type have been 


used as follows: 
General references, 
Magnitude. 


such as 


"magnitude," thus: 


Astronomers, thus: Shapley. 
Mythological names, etc., thus: CALLISTO. 
Star and Planet names, etc., thus: JUPITER. 


A 
Absolute magnitude, see 
Magnitude 


ACHILLES, 146 
ACTON, 139 
Adams, 259, 404 
ZESCULAPIUS, 189 
ZESTRAA, 201 


Albedo, defined, 343 

ALCYONE, 301 ff., 306 

ALDEBERAN, 304 

ALGOL, described, 28; 
statistics concerning, 259 

ALGONQUIN INDIAN MY- 
THOLOGY, 432 

“ ALULA," 170 

American Association of 
Variable Star Observers, 
work of, explained, 13 

American Meteor Society, 
417 


Anderson, Dr., ІІ 

ANDROMEDA, 232, 239, 250 

“ANDROMEDIDS,” 
THE, 415, 419, 421 

ANTARES, diameter 
measured, 195, 290 

ANTENOR, 189 

APOLLO, 142 

APOLLONIUS RHODIUS, 204 

ARAB MYTHOLOGY, 271, 
284, 317 

ARATOS, quoted, тоз, 119, 
138, ІД2/7146, 177, 225, 
233, 250, 265 

ARCAS, 85, 216 

"ARC-LIGHT OF THE 
SKY,’ 160 

ARCTURUS, 
measured, 219 

Argelander, 211, 248 

ARGONAUTS, THE, 96, 239, 
284 

ARIADNE, 204 

ARION, 177 


diameter 
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“ ASGARD'S BRIDGE," 432 

ASTEROIDS, discovery of, 
256, 265, 389; statistics 
concerning, 388 

ASTRZEA, 225 

ATHAMAS, KING OF THES- 
SALY, 284 

‘ATLAS, 2147, 202 

AURIGA, 103 

AURORA, 321 

AURORA BOREALIS, 
350 

AZTEC MYTHOLOGY, 300 

B 


BABYLONIAN MYTHOLOGY, 
123, 265, 289, 299 


BACCHUS, III, 146, 204, 
279, 303 

Bailey, 190 

“BARKING Doc," THE, 


217 
Barnard, 190, 409 
BATTLE OF LAKE REGILLUS, 


97 
‘í BEAR-DRIVER," THE, 218 
BEE HIVE, THE, 112 
BELLEROPHON, 245 
BERENICE, 129 
Bessel, 165, 322 
BETELGEUZE, measure- 
' ment of, 58; 290, 311 
BrELA's COMET, 4I5 
BIELIDS, THE, 419, 421 
Binary Stars, see Stars, 
Binary 
“ BIRD,” THE, 165 
“Brrp OF THE DESERT," 


'THE, 143 
“BIRD OF dp GREAT 
SEED,” THE, 14 


BLAZE STAR, THE, 205 

BOLIDES, 412 

Bode’s Law, 389 

Bond, W. C., 88 

Bradley, 100, 154 

“BRANDENBURG 
SCEPTER,'" THE, 336 

Britons, MYTHOLOGY OF 
THE, 432 


Вкоу/хікс, MRs., quoted, 
110 

BRYANT, quoted, 210, 244 

“Воил, KILLER," THE, 183 

"BULL OF PONIATOW- 
SKI," 190 


с 


CADMUS, 153 

Calendar, star, 508 

“CALIFORNIA OF THE 
SKIES," 312 

CALLISTO, 84, 216 

CALLISTO, 393 

“CAMELS, THE 
SHE," 202 

Campbell, Leon, 290 

CANCER, TROPIC OF, 
IIO 

CASSIOPEIA, 232, 239, 250 

CASTOR, 96 

CELZENO, 201 

Celestial measurements, 
scale of, 76 

“CELESTIAL SISTERS," THE, 


LITTLE 


205 

Celestial Sphere, described, 
34 

CEPHALOS, 321 

Cepheid Variables, defined, 
29; measurements by, 54; 
186, 251 

CEPHEUS, 232, 239, 250 

CERES, 256 

CERES, 388 

CHALDEAN MYTHOLOGY, 
84, IIO, 239, 2% 

CHARLES Lm 

“ CHARLES'S Wary,” 85 

CHINESE Мүтногосү, 239, 
245, 300, 329, 432 

CHIRON, 183 

Clark, Alvan, 322 

Clerke, Miss, 126 

Cluster, see Stars, clusters 

CLYMENE, 271, 335 

Coal Sacks,” 166, 
240, 429 

“COLCA, “MTOA 

Comet, Halley’s, 407 


196, 
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Comets, defined, 22; dis- 
covered by photography, 
409; periodic, table of, 
507; tails of, 410; 406 
et seq. 

Comets and meteors, 409, 


415 
COMPANION ТО SI- 
RIUS, 60, 322 ff. 
Compass, star, 508 


Conon, 129 

Constellations, genitive 
cases of, 509 

Constellation study, ех- 
planation of use of dia- 
grams for, 68 


TCOON BUTTE, 4:7 
Copernicus, 18, 123 

COR CAROLI, 134 
CORINTH, 245 
“CORNUCOPIA,” THE, 104 
Corona, Solar, 424, 425 
CORONÆUS, 143 
CORONIS, p 


CRETE, 20 

“CRIMSON STAR,” 
THE, 318 

CUPID, 265 

* CUPID'S ARROW," 177 


Cup oF APOLLO, 146 
CvcLors, THE, 177 
CYSATUS, 310 


D 


DANZ, 257 

Declination, explained, 38 

DEMETER, 276 

DEIMOS, 384 

Democritus, 428 

“DEMON,” THE, 259 

DENDERAH  ZODIAC, 
I54 

DEUCALION, 271 

Diagrams for constellation 
study, use of, explained, 
68 

Diagrams for ud telescop- 
ist explained, 7 

"DIAMON D OF VIR- 
GO,” 134, 224 


104, 


DIANA, 139, 309 

DIDO, 146 

DIPPER, THE BIG, 
how to find, 80; angular 
measurements in, 


77 
ШЫ ТНЕ LITTLE, 


сеге, 236 
коо ЅТАВ, '' THE, 320 


DONATTI S COMET, 219 


Double stars, see ‘Stars, 
double 
" DRIVER," THE, ro 


DUMBBELL NEBULA, 
168 
Duncan, 429 


Duner, 236 
“Dusky MONSTER, THE," 
289 
Dwarf stars, see Stars, 
dwarf 
E 


EAGLE, THE, 171 
"EAGLE OF THE WINDS,” 


171 

Earth, the, mass of, 50; 
motion of 57, 159; rev- 
olution of, 49; rotation 
of, 49; shape of, 49 

Earth-shine, 374 

Eclipses, 422 et seq. 

Ecliptic, defined, 342, 422 

Eddington, estimate of star 
temperatures, 64; mass- 
luminosity curve, 63; 58, 
60, 240, 311, 322, 430 

EGYPTIAN MYTHOLOGY, 96, 
І19,2122,146, 225,233, 
271, 299, 300, 317, 321, 
‚432 . 

Einstein, 63, 324, 431 

ELECTRA, 301 

El Fergani, 106 

Energy waves, 43 

ERICHTHONIUS, 103, 216 

ERIGONE, 138, 216 

Eros, 390 
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Eskimo MYTHOLOGY, 233, 


432 
EuposiA, 188 
EUDOXUS, 103 
EUERGETES, 129 
EuPHRATES, THE, 265, 335 
EUROPA, 299 
EUROPA, 393 
EURYDICE, 158 
Eyepieces, see 
eyepieces 


Telescope, 


F 


Fabricius, 290 
“ FAIRIES’ PATH,” 432 
Falling Stars, see Meteors 
> , 
“FEMALE WOLVES,” 217 
* FIDDLE IN THE SKY,” THE, 
, 


159 
Field, Telescope, 72 
“FIELD OF THE NEB- 


ТЛ, Ж,” 226 
Fire-Balls, see Meteors 
RIRE C STAR, THE, 


I95 
*RrgsT FROG,” THE, 276 
Flammarion, 156, 280, 312 
“Pryinc EAGLE," THE, 
165 
" FOLLOWER,” THE, 304 
"RouNT OF HIPPOCRENE,'" 


“ 244 ” 
Four GUARDIANS," THE, 


123 Е 
"RREDERIK'S GLORY," 
254 


G 


Galactic system, center of, 
184 

Galaxy, see Milky Way 

Galileo, 428 

Galle, 404 

GANYMEDE, 170, 27I 

GANYMEDE, 393 

“í GARDEN OF HESPERIDES,”’ 
'THE, 153 

“САТЕ OF THE GODS," 278 


Genitive case of constel- 
lation names, 509 
Giant Stars, see Stars, giant 


“Grant, THE CHAIR OF 
THE," 317 

“GLORIA ERED- 
ERIKA,” 254 


“í GRAPE GATHERER,” 226 
'" GREAT," THE, 123 

Great Pyramid, 154 
GREAT SQUARE OF 


PEGASUS, 245, 248, 
250 

“Great STORM BIRD,” 
THE, 143 


Grecian Mythology, 265, 
278, 279, 289, see also 
names of gods and 
goddesses 

Greek alphabet, 509 

“GUARDIAN OF THE BEAR,” 
THE, 218 

GUARDIAN 
Four, 123 

‘í GUARDIANS OF HEAVEN," 


Stars, THE 


276 
Gulliver’s Travels, 385 
н 


Halley, 134, 407 

HATHOR, 154 

“ HEART OF BRAHMA,” THE, 
104 

“HEAVEN TROUBLED 
QUEEN," THE, 233 

HEBREW MYTHOLOGY, 171, 
201 

HELLE, 284 

' HELLESPONT," 285 

HERCULES, III, 146, 210 

"HERO," THE, 123 

Herschel, Caroline, 294 

Herschel, Sir John, 274 

Herschel, Sir W., 98, 100, 
116, 166, 196, 198, 211, 
226, 290, 338, 347, 401 

Hertzsprung, 60 

HEsIop, 218 

Hevelius, 117 

Hind, 318 
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Ніро Мутногосу, 06, 
300 

Hipparchus, 123, 226 

History of Astronomy, see 
Chronology, page 450 et 
seq. 

HoMER, 217, 309 

Hooke, Robert, 154, 286 

“HORN OF PLENTY," THE, 


104 

Hubble, 55, 251, 330 

Huggins, 274 

HYADES, THE, 116, 302 
ff. 

Hyas, 302 


I 


ICARIUS, 138, 146, 216 
Inca MYTHOLOGY, 432 
“INNER THRONE OF THE 
FIVE EMPERORS,” 239 
Interferometer, the, 311 


IO, 393 

IOLAUS, 119 

Iroquois INDIAN My- 
THOLOGY, 84 

Isis, 225 

"Island  Universes," 22, 
430ff.; see Milky Way 

J 

JAPANESE MYTHOLOGY, 
300, 432 

JASON, 96 

“JauzaAH, THE THRONE 
ов,” 317 

“Jos’s STAR," 218 

“JORDAN, THE RIVER," 
335 


Joy, 259, 291 

JUNO, 85, ІІІ, 194 

JUNO, discovery of, 388 

JUPITER, 85, 96, III, 129, 
143, 159, 164, 211, 225, 
257, a 279, 285, 299, 
2285 

JUPITER, statistics con- 
cerning, 391 ff.; moons of, 
15, 392 et seq.; moons of, 
elements of, 493 


K 


Kapteyn, 310 

“Kapteyn Universe," 430 

Karlinski, 148 

KARNAK, 104 

"KEEPER OF 
218 

EKGs Viet ee DHE 1222 

KING AnTHUR'S HARP, 159 

“KNEELING CAMEL,” THE, 


233 


” 


HEAVEN, 


L 


Lalande, 338 

LAOCOÓN, 189 

Laplace, 409 

LA SUPERBA, 136 
Leavitt-Shapley law, 54, 


55 
LEDA, 96, 164 
" LEG," THE, 233 
LEONIDS, THE, 414, 418, 
419, 421 
LESBOS, 177 
Leverrier, 404 
Libration, 355 
Light, aberration of, 154; 
dispersion of; 44 ff.: speed 
of, 15 
Light year, explained, 32 
LiGURIANS, KING OF, 164 
LITTLE DIPPER, 91 
“LITTLE KING,” THE, 123 
“LITTLE SHE CAMELS," 302 
“Томс BANDAGE,” THE, 


432 
Lowell, James Russell, 158 
Ludendorff, 90 
Luminosity-mass curve, 63 
Lunar Occultations, 375 
Luyten, W. J., 323 
LYCAON, 84, 217 
LYCIA, 245 
LYNX, THE, 117 
LYRIDS, THE, 419 ff. 


M 


MACAULAY, 97 
MacMillan, Donald, 245 
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MACROBIUS, quoted, 278 

Maedler, 302 

Magnitude, absolute, ех- 
plained, 53 ff. ; of brightest 
stars, 495; of nearest 
stars, 497; ‘ratio ‘of 
stellar magnitudes, 24; 
star magnitudes, ex- 
plained, 23; usual esti- 
mates of, 68 ff. 

МАТА, 301 

MANILIUS, 96, 216, 285 

“Man Upon His KNEES," 
THE, 210 

Maraldi, 274 

MARS, moons of, 384; sta- 
tistics concerning, 384; 
canals of 385; life on, 385; 
retrograde motion of, 
386; phases of, 387 

“MARTIAL STAR,” 
31I 

Mass-luminosity curve, 63 

Measurements, scale of 

celestial, 76 

Mechain, 318 

MEDEA, 146 

MEDUSA, THE, 244, 257 

Mega-Parsec, defined, 39 

MELKARTH, 210 

МЕКА, 138 

MERCURY, 

284 

MERCURY, statistics con- 

cerning, 380 ff. 

MEROPE, 301, 309 

Meteors, Amer. 

Society, 417 

Meteors and comets, 409, 


THE, 


103, 158, 258, 


Meteor 


415 і 
Meteors, defined, 21; his- 
tory concerning, ,418; 
noted showers, 419 et 
seq.; observing, 417; 
“Coon Butte," 417; 412 
et seq. 
Michelson, 219, 304, 311 
“Міснту,” THE, 123 
MILKY WAY, center of, 
430; mythology of 431; 
165, 225, 428 et seq. 


MILTON, 232 

MINERVA, 102, 245, 258 

MINOTAUR, THE, 204 

MIRA, described, 30; dis- 
covery; 290; heat of, 291; 
maxima of, 290; size of, 
290; spectrum of, 291 

MIRZAR, first. double dis- 
covered, 88 

Mitchell, 162, 166, 234, 290 

“MITRE OF ST. PETER," 
256 

Мосно$, 201 

Moon, angular diameter of, 
76 et seq. ; diagram of, 357 
et seq.; eclipses of, 427 
ff.; gravitation of, 356; 
libration, 355; occulta- 
tions, 275; phases of, 
374; “old, in new moon’s 
arms," 374; statistics 
concerning, 353 et seq.; 
for Lunar surface mark- 
ings see Index to Moon, 
р. 518 

Moses, 189 

Multiple stars, defined, 27 

Mythology, see each con- 


stellation, Milky Way, 
Meteors, etc. 
N 


Nature of the 
World, 431 
Nebule, dark, 311; defined, 

22; distances measured, 
54; Dumbbell Nebula, 
168; "Field of the," 
226; Owl Nebula, 88; 
planetary, 338; “Queen 
of the Nebule," 251; 
Saturn Nebula, 274; vari- 
able, 330; Whirlpool Neb- 
ula, 136 
"NECK OF THE SKY,” 432 
NEPTUNE, 177, 222, 245 \ 
NEPTUNE, discovery of, 
272, 280, 404; statistics 
concerning, 403 ff. ( 
New Stars, see Novee 
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Nicholson, 291 

Nicolas Venator, 178 

NILE, THE, 1109, 122, 146, 
335 

Хоан, 146 

"NoAH's ARK, PATH OF," 


432 

NORTHERN CROSS, r64 

Northern Lights, see 
Aurora Borealis 

Nove, 11; defined, 31; re- 
cent, 499; famous, 499 


(0) 


Observing, Telescope, 443 
et seq. 

Occultations, Luna, 375 

ODYSSEY, THE, 217 

OENOMAUS, 103 

“Old Moon [їп New Moon’s 
Arms," 374 

Orion, the Giant Hunter, 
194, 301, 309 

“Orion, THE Doc ов,” 


320 

ORIONIDS, THE, 419, 
421 

ORPHEUS, 158, 164 

“Osiris, THE Boat ов,” 
317 

OVID, 183, 194, 244 

OWL NEBULA, 88 


Р 


PALLAS, 388 

PAN, 279 

Parallax, defined, 52 ff. 

Parsec, 32; defined, 53; 
see also Mega-Parsec 

“PATH OF Noan’s ARK,” 
432 

"PATH OF THE SNAKE," 


432 
“PATH OF WHITE ASHES,” 


432 
Peacocks, THE Two, 96 
Peary, 414 
Pease, 58, 195, 212, 219, 
304 
PEGASUS, 244 
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PERSEIDS, THE, 
419, 420 

PERSEUS, 244, 250, 257 

PERSIAN MYTHOLOGY, 123, 
І7І, 265, 299 

PERUVIAN MYTHOLOGY, 
104, 300, 432 

Peters, 165 

Pettil, 291 

PHAËTHON, 160, 335 

PHILYRA, 183 

PHOBOS, 384 

Рнос15‚ 143 

PHEBUS, 335 

PHŒNICIAN 
210 

PuRIXUS, 284 

PHRYGIAN STONE, 418 

Piazzi, 178, 256, 389 

Pickering, E. C., 88, 301 

Planets, characteristics of, 
377; comparative sizes of 
diagram, 493; conjunc- 
tion of, 266, 280; defined, 
21; for the telescope, 
378; orbits of, 344; posi- 


409, 


MYTHOLOGY, 


tions on the Ecliptic 
Table, 492; trans-Nep- 
tunian, 405; see also 


Mercury, Venus, Mars, 
Jupiter, Saturn, Neptune 
PLEIAD, THE LosT, 301 
PLEIADES, 300 ff. 
PLEIONE, 300 
Pliny, 122 
“PLOUGH, THE," 85 
Plunkett, 217 
PLUTO, 08, 342, 405A, ff. 
Po, the river, 335 
POINTERS, THE, 81, 86 
POLARIS, 69, 77, 80, 92 
POLLUX, 96 
POLYDECTES, 257 
Position angle, explained, 


73 
PRZESEPE, 112 
Precession of Equinoxes, 
92, 123, 154, 160, 226, 
238; explained, 36 
PRINCE OF THE CELESTIAL 
SIGNS, 284 


GENERAL INDEX 


PROMETHEUS, 177, 271 

Prominences, see Sun 

Proper Motion, defined, 35; 
measurement of, 55; stars 
of large, 505 

Ptolemy, 106, 202, 222 

“PULCHERRIMA,” 222 


Q 


“QUEEN OF 
NEBULA,” 251 


THE 


R 


Radial motion, defined, 35 

“RAVEN,” THE, 143 

“Вер BIRD," THE, 143 

Relativity, Theory of, 63, 
294, 324 

RHEA, 183 

Riccioli, 88, 106 

RIGEL, 311 

Right ascension, explained, 
38 

“RIVERS, THE KING ов,” 


335 

“ROAD TO THE PALACE OF 
HEAVEN," 432 

RoMAN MYTHOLOGY, 143, 
279; see also names of 
gods and goddesses 

Rómer, 15 

Rosse, Lord, 136, 282 

“ROYAL STARS,” 276 

“Вок,” THE, 123 

Russell, 58, 60, 64, 90, 
106, 116, 162, 165, 186, 
100, 206, 214, 240, 252, 
259, 291, 310 


5 


St. Elmo’s Lights, 97 

Saros, The, 422 

Satellite, defined, 21 

SATURN, 183; moons of, 
397, 400; moons of, 
elements of, 494; rings, 
397 Я. ; statistics concern- 


ing, 397 ff. 

SATURN NEBULA, 274 

“SCALE BEAM,’ THE 
256 

Scale of Celestial Measure- 
ment, 76 

Schiaparelli, 409 

Schwabe, 349 

"SEA, НЕ, 272, 277 

SEGMENT OF PERSEUS, 
257 

Seiss, 130 

SERIPHUS, 257 

Shapley, 55, 136, 172, 184, 
192, 212, 312, 430 

SHAWNEE INDIAN Мутно- 
LOGY, 205 

SHE Солт, THE, 103 

"SHEPHERD'S STAR," THE, 
104 

"Shooting-stars," see Me- 
teors 

“SIGN,” THE, 286 

" SINGER," THE, 104 

SIRIUS, 322; companion to, 
60, 322 ff. 

Slipher, 251 

Smythe, 108 

‘SOARING EAGLE," 171 

Solar eyepiece, 347 

Solar System, defined, 19; 
distances in, 50; elements 
of, table, 491; 342 ff. 


у 


“SOLITARY ONE,” THE, 
276 

"SouTHERN GATE OF THE 
Sun,” 278 

SPARTA, 164 


Spectroscope, principle of, 
explained, 45 ff.; spectro- 
scopic classification, 58 

Spectroscopic Binary, de- 
fined, 28 

Spectrum, defined, 44 

"SeHINX," THE, 122 

‘í SPROUTING 
Two, 96 

STAR OF BETHLEHEM, 130 

“STAR OF PROSPERITY,” 
225 

Star time-piece, 508 


к22 


BEANT S,” 
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Stars: 


age of, бї 

apparent motions of, 66 ff. 

approaching, 504 

binary, defined, 28 

brightest, 495 

color of, 25, 61 

clusters, defined, 22 

clusters, distances of, 54, 
194, 212 

confused with planets, 
378, 386 

defined, 20 

distances of, 52, 62 

distance first measured, 
165 

distribution of, 25 

double, defined, 27 

double, first discovered ,88 

double, position angle of, 


We 

dwarf, diagram of, 27, 
58, 214, 323, 503 

“falling,” 412 

giant, diagram of, 503 

giant, 58, 186, 195, 219, 
290, 304 

magnitude of, see Mag- 
nitude 

mass of, 61 ff., 140 

motions of, 34 ff. 

motionsof, measurements 
of, 55 ff. 

multiple, defined, 27 

nearest, 497 

nearest ten bright, 495 

new, see Nove 

number of, 498 

parallax, table of, 502 

proper motion, table of, 
502 

proper motions, table of 
large, 505 

radial velocities, table 
of, 502 

receding, 504 

tight ascensions of some 
bright, 501 

rising of 156 and 2nd 
mag., 506 

“shooting,” 412 
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` sizes of, 26, 57 
spectroscopic binary, first 
discovered, 88 
temperature of, 63 
temporary, famous, 499 
twinkling of, 31 
variable, see Variable 
Stars 
visibility of, 25 
visual estimates of mag- 
nitudes, 68 ff. 
Stellar magnitudes, see 
Magnitude 
STEROPE, 301 
“STONE LAMP,” THE, 233 
"STORM WiND," THE, 143 
Struve, 120 
Sun, eclipses of, 423 ff.; 
motion of, 57, 159; orient- 
ation of Sun’s image, 346; 
observing, 347; prom- 
inences, 350; ,Statistics 
concerning, 351 ff.; sun- 
spots, 348 ff. 
“Sun’s Way,” The, 57, 
159, 211, 343 
Swift, Dean, 385 
Symbols used in diagrams 
explained, 74 
SYRIAN MYTHOLOGY, 265 


T 


TARTESUS, 258 

TAYGETA, 301 
THEMIS, 225 

THESEUS, 204 

Thomson, 201 

“THREE  GuIDES," THE, 


232 

THUBAN, 37, 154 

“TEARS OF ST. LAWRENCE," 
260 

Telescope, Cassegranian, 
435; eyepieces, 435; field 
of, 443; Gregorian, 435; 
hints, 447; largest, 433; 
Newtonian, 435; power 
of, 74, 437; reflecting, 
434; refracting, 434; test- 
ing, 439; use of, 440 ff, 
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Telescopic field, 72 

Telescopist, diagrams for, 
explained, 71 ff. 

Time, how to tell, 234; 
star time-piece, 508 

Tropic of Cancer, 110 

Troy, 189 

TRUMPLER, 302 

TURKISH MYTHOLOGY, 265 

“Twin DEITIES,” THE, 96 

Twins, THE, 96 

‘“Two-HANDED Pot,” THE, 


146 
“TY CHO’S SEAR,” 236 
TYNDARUS, 164 
TYPHON, 225, 265 


U 


Universes, Island, 22, 430 ff.; 
see Milky Way 

URANUS, discovery of, 
98, 401; moons of, ele- 
ments of, 494; statistics 
concerning, 401 ff. 


У 
Variable Nebula, 330 


Variable Stars, defined, 28 
ff.; Cepheid variables, 


defined, 29; first  dis- 
covered, 500; famous, 
498; Mira, 290; R. 
Aquile, 174; К. Согопа 
Borealis, 206, 208; R. 
Corvi, 148; R. Leonis, 


126; 312; see Algol, Mira, 
etc. 

Variable Star Observers, 
American Association of, 
work of, explained, 13, 
290, 389 


VEGA, 291 

Venator, Nicolas, 178 

VENUS, 729 

VENUS, phases of, 383; 
statistics concerning, 382 

Vernal Equinox, 266 

VESTA, 279 . 

VESTA, 388 

VIRGO, DIAMOND OF, 


I34 
< VoCIFERATOR," THE, 217 
VULCAN, 103, 309 


VULCAN, 405 
У 
" WATCHER," THE, 218 
WATER CARRIER, THE, 
271 


‘WATER JAR,” THE, 272 
“WATLING STREET," 432 
‘““WHELPS OF THE HYENA,” 


217 
WHIRLPOOL NEBULA, 


136 
White Dwarfs, 323 
Wilson, 202 
Work and Days, 218 
Wright, Thomas, 430 


Y 
"YOKE, THE," 279 
Z 


ZEUS, 216, 284 

ZODIAC, constellations 
and signs of, 376; rhyme 
of the, 505 

“ZODIAC, PRINCE ОЕ THE,” 
284 
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